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Community-wide outbreaks of acute hepatitis A virus (HAV) infection 
in Hong Kong occur annually during the late winter/early spring season. The 
main source of infection was postulated to be the ingestion of raw or under-
cooked shellfish commonly available locally in traditional ‘hot-pot，style of 
cooking during the winter seasons. The objectives of this study is to establish a 
sensitive method such as reverse transcription polymerase chain reaction (RT-
PCR) for the detection of HAV in shellfish, to evaluate a number of different 
methods for the extraction of viral RNA from shellfish for the detection of 
HAV by the RT-PCR method and to apply the established methodologies in a 
survey ofHAV contamination in locally available shellfish. 
A HAV specific RT-PCR method was established using a purified 
HAV preparation. RT and nested PCR was performed using 2 pairs of primers 
which were specific for the highly conserved region encoding the carboxyl 
terminus of the HAV capsid protein VP1. The detection limit of the RT-PCR 
was calculated to be 1000 HAV RNA copies per ml. 
Three different methods for the extraction of RNA from shellfish 
samples were evaluated. These included (1) total RNA extraction with acid 
guanidium thiocyanate-phenol-chloroform method, (2) total RNA extraction 
with commercially available spin-cartridges, and (3) monoclonal-based solid 
phase absorption of virus particles followed by spin-cartridge extraction of 
viral RNA attached. Dilutions of cell culture-adapted, purified HAV which 
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were mixed together with homogenized oyster meats preparations were used 
for the evaluation. 
Results showed that method (3) was 10 times more sensitive than 
method (2) and 10000 times more sensitive than method (1). The method 
employing monoclonal-based solid phase for absorption of the virus followed 
by RNA extraction is specific and sensitive and can be applied as a standard 
specimen preparation procedure prior to RT-PCR for the detection of HAV in 
the evaluation ofHAV contamination in foods and in the environment. 
To demonstrate the presence ofHAV in locally available shellfish, 150 
samples of oysters, mussels, and clams were purchased from ten markets in 
different parts of Hong Kong during the winter and 45 samples of mussels and 
clams during the summer seasons. Virus particles in homogenized shellfish 
tissues were captured by HAV monoclonal antibody and RNA extracted for 
RT-PCR for the detection ofHAV. 
HAV RNA was readily detected in 50% of oysters, 30% of mussels, 
and 14% of clams collected in the winter period and in 26.6% of mussels and 
none of the clams collected in the summer. These results demonstrated that 
locally available shellfish are heavily contaminated with HAV and is an 
important source for HAV infection in Hong Kong. 
• • 場 
111 
Table of Contents 
Abstract i 
Contents iv 
List of tables ix 
List of figures x 
Abbreviations xi 
Acknowledgements xii 
Chapter 1 - Introduction 
1.1 The biology of hepatitis A virus 1 
1.1.1 History 1 
1 • 1.2 General characteristics of HAV 2 
1.1.3 Stability and disinfection of HAV . 3 
1 • 1.4 Molecular biology of HAV 5 
1.1.4.1 Genomic organization ofHAV 5 
1.1.4.2 Antigenic sites on the capsid o fHAV 8 
1.1.5 Laboratory diagnosis and methods of study for HAV 8 
1.1.5.1 Cell-culture propagation and antigen detection .... 8 
1.1.5.2 Nucleic acid detection 10 
1.1.6 Epidemiology of HAV 12 
1.1.6.1 Distribution ofHAV infection 12 
1.1.6.2 Seasonal pattem of HAV infection 13 
1 • 1.6.3 Mode of transmission 13 
1.1.6.4 Molecular epidemiology 15 
1.1.7 Epidemiology of HAV infection in Hong Kong 15 
1.2 Transmission of viruses through contaminated food 18 
i v 
1.2.1 Active accumulation of water contaminants by shellfish 
20 
1.2.2 Retention of viruses by shellfish in contaminate water ...21 
1.2.3 Elimination of viruses in contaminated shellfish 21 
1.2.4 Indicators for contamination by enteric viruses 21 
1.3 Detection of viruses from foods 23 
1.3.1 Recovery of viruses from foods 23 
1.3.2 Detection of viral nucleic acid 23 
1.4 Objectives of the study 26 
Chapter 2- Materials and methods 
2.1 Materials 27 
2.1.1 Sera from patients with acute viral hepatitis 27 
2.1.2 Collection of shellfish samples 28 
2.1.3 Purified HAV preparations as positive control 30 
2.1.4 Control samples for the virion capture method 30 
2.1.5 Preparation of dissecting instruments and processing of 
shellfish samples 30 
2.1.6 Plasticwares and glasswares 30 
2.1.7 Chemicals, reagents and commercial kits 31 
2.1.7.1 Samples processing 31 
2.1.7.2 Reagents for RNA extractions 31 
2.1.7.3 Oligonucleotide primers synthesis 33 
2.1.7.4 Primers purification after synthesis 34 
2.1.7.5 Gel electrophoresis 34 
2.1.7.6 Reagents for hybridization 36 
2.2 Methods 37 
2.2.1 Samples processing 37 
2.2.2 Artificially seeded HAV in shellfish 37 
V 
2.2.3 RNA extraction methods 37 
2.2.3.1 Acid phenol method 37 
2.2.3.2 Spin cartridge method 38 
2.2.3.3 Virion capture method 39 
2.2.4 Oligonucleotides used for RT, PCR and hybridization ...40 
2.2.4.1 Oligonucleotides used in HAV RT-PCR 40 
2.2.4.2 Primer set used for the evaluation of inhibitors of 
PCR in shellfish homogenates 41 
2.2.4.3 Preparation of oligonucleotide primers 41 
2.2.4.4 Detachment of the primer from the column 42 
2.2.4.5 Purification of the oligonucleotides 42 
2.2.4.6 Confirmation of synthesed oligonucleotide 43 
2.2.5 Reverse transcription ofHAV genomic RNA template and 
PCR 43 
2.2.6 Human p-actin gene PCR for the evaluation of shellfish 
homogenates 45 
2.2.7 Analysis ofPCRproducts 46 
2.2.7.1 Agarose gel electrophoresis for the analysis of 
PCRproducts 46 
2.2.7.2 Dot blot hybridization for the confirmation ofPCR 
products 46 
2.2.7.3 Southern blot hybridization for the confirmation of 
PCRproducts 47 
2.2.7.4 5'-end DNA labelling of oligonucleotide probe 
47 
2.2.7.5 Hybridization in sodium chloride / sodium citrate 
48 
v i 
Chapter 3- Results 
3.1 Epidemiology of acute HAV infection in Hong Kong 52 
3.2 Synthesis and yields of oligonucleotide primers 54 
3.3 Development of reverse-transcription polymerase chain reaction 
(RT-PCR) for HAV 55 
3.4 Sampling of shellfish from different markets in Hong Kong .....59 
3.5 Quantitation o fHAV RNA in stock virus preparations 62 
3.6 Comparison o fRNA extraction methods and the detection limit 
of the established RT-PCR method for HAV 62 
3.7 Specificity of the RT-PCR in combination with virion capture 
method for the detection ofHAV 65 
3.8 Detection ofHAV RNA by RT-PCR in shellfish in Hong Kong 
67 
Chapter 4- Discussion 
4.1 Epidemiology of acute HAV infection in Hong Kong 76 
4.2 Development ofRT-PCR method for the detection o fHAV ."••78 
4.3 Evaluation ofRNA extraction methods for the detection o fHAV 
in shellfish sample by RT-PCR 78 
4.4 Application of the established RT-PCR method for the detection 
ofHAV contamination in locally available shellfish 79 
Chapter 5- References 90 
Appendix I 
Figures of agarose gel electrophoresis of RT-PCR products for 
all samples (11 -123 ) 101 
• • 
V l l 
Appendix II 
Figures of dot-blot hybridization assay (112 -114 ) 114 
• • • 
V l l l 
List ofTables 
1.1 Reverse transcription reagents master mixture 50 
1.2 First round PCR master mix 51 
1.3 Second round PCR master mix 51 
3.1 Comparison of HAV RNA extraction methods 63 
3.2 Detection ofHAV in oyster collected during winter 69 
3.3 Detection ofHAV in mussel collected during winter 70 
3.4 Detection of HAV in clams collected during winter 71 
3.5 Summary results on the detection of HAV by RT-PCR in 
shellfish collected in winter 72 
3.6 Detection ofHAV in mussel collected during summer 73 
3.7 Detection ofHAV in clams collected during summer 74 
3.8 Summary results on the detection ofHAV by RT-PCR in 
shellfish collected in summer 74 
i x 
List ofFigures 
1 • 1 Genomic organization of HAV RNA 7 
2.1 Sampling sites of shellfish during winter 29 
2.2 Sampling sites of shellfish during summer 29 
3.1 Monthly distribution of acute HAV infection 53 
3.2 Poly acrylamide gel electrophoresis analysis of synthesized 
oligonucleotides 55 
3.3 Amplification of HAV RNA by 'repeated-PCR' 57 
3.4 Comparison of PCR products analyzed by agarose gel 
electrophoresis and Southern blot hybridization 58 
3.5 Shellfish storage in sampled market 61 
3.6 Comparison of HAV RNA extraction methods 64 
3.7 Specificity test ofHAV PCR 66 
V 
List of abbreviations 
A Adenine 
aa Amino acid 
AC/PCR antigen-capture polymerase chain reaction 
bp Base pair 
BSA Bovine Serum Albumin 
C Cytosine 
cDNA Complementary deoxyribonucleic acid 
CPE Cytopathic effect 
CTAB Cetyl trimethylammonium bromide 
ddH2O Double distilled water 
EIA Enzyme immunoassay 
G Guanine 
HAV Hepatitis A virus 
mAb Monoclonal antibody 
mEIA Monoclonal based enzyme immunoassay 
MoMLV Moloney murine leukaemia virus 
NS Non-structural 
NSP Non-structural protein 
nt Nucleotide 
ORF Open reading frame 
PAGE Polyacrylamide gel electrophoresis 
PWH Prince of Wales Hospital, Shatin 
RIA Radioimmunoassay 
RIFA Radioimmunofocus assay 
RNA Ribonucleic acid 
RT-PCR Reverse transcription - Polymerase chain reaction 
ssDNA Single-stranded DNA 
ssRNA Single-stranded RNA 
T Thymidine 
Taq Thermus aquaticus (DNA polymerase) 
Tm Melting temperature 
U Uracil 
VP Viral protein 
V7V Volume by volume 
x i 
Acknowledgements 
I would like to express my sincere thanks to Prof. John Siu Lun 
Tam, Prof. P. C. Leung and Prof. A. F. B. Cheng for initiating this study 
and for their continuous guidance, encouragement and helpful discussion. 
I would also like to thank Dr. Raphael C.Y. Chan for offering his 
continuous support and invaluable advice. In particular, I would like to 
express my appreciation to Miss Jo Cheung for proof reading my thesis. 
This project was supported in part by a grant from the Urban 
Council, Regional Council, and the Department of Health, Hong Kong 
Government. 
Finally, I would like to dedicate this thesis to my wife, Amy, who 
has been providing me with the warmest support and encouragement. 
• 釁 
X l l 
Chapter 1 INTRODUCTION 
1.1 The Biology ofHepatitis A Virus 
1.1.1 History 
To date, more than 9 different viruses are known to be the cause of 
acute hepatitis in human. The disease itself was not identified as a clinical 
entity until the beginning of this century. The multiple infectious agents 
responsible for this clinical disease were not known until the 1940s. One ofthe 
earliest record of epidemics ofjaundice can be found in the descriptions of 
Hippocrates (Zuckerman, 1970) which was written in the 5th century BC. The 
description of the wide spread disease certainly suggested viral hepatitis as we 
see it today. Suggestions for the infectious nature of the disease was described 
in a letter from Pope Zacharias to the Archbishop of Mainz (751 AD) who 
strongly recommended isolation of jaundiced patients to avoid spread 
(Backman, 1952). However the first description of epidemics of jaundice 
which can be more suggestive of hepatitis A, called epidemic jaundice at the 
time, occurred in the 17th and 18th century in Europe and accounted for 27 
major outbreaks (Backman, 1952). 
The disease of epidemic jaundice was also described in military 
campaigns. During the Egyptian campaign of Napoleon's troop in 1799， 
soldiers were decimated by large outbreaks of epidemicjaundice (Zuckerman, 
1970). During World War I，outbreaks of infectious hepatitis occurred in the 
military and civilians. One army doctor at the time observed that the epidemics 
were associated with gastrointestinal infections and suggested that 
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contaminated food or water may be the source of infection (Willcox, 1916). 
This suggestion was finally proven during World War II when observations 
were made that poor hygiene and sanitation standards in the field were linked 
to the transmission ofinfectious hepatitis. Studies in human volunteers during 
and after World War II showed that bacteria-free filtrates of infected faeces 
were able to induce hepatitis and that once the subjects recovered, they were 
immune to further infection (Gellis, 1945). 
The hepatitis A virus remained unidentified until 1973 when Purcell, 
Kapikian and Feinstone described a 27 nm virus particle in the faeces of 
infected patients using the new technique of immune electron microscopy with 
patient's convalescence serum O^einstone, Kapikian and Purcell, 1973). 
However it was not until 1979 when the virus was first isolated in cell culture 
(ProvostandHilleman，1979). 
1.1.2 General characteristics of HAV 
Hepatitis A is endemic in all parts of the world. The exact incidence is 
difficult to estimate because of the high proportion of asymptomatic and 
anicteric infections, the differences in methods of surveillance and patterns of 
the disease. Early studies in human volunteers had demonstrated the faecal-
oral route of transmission for ‘infectious hepatitis，that now has become 
known as hepatitis A (Krugman, Ward and Giles, 1962). Later, studies in 
human subjects distinguished infectious hepatitis (hepatitis A) and serum 
hepatitis (hepatitis B) by their incubation period, primary source ofthe virus in 
the patient, and route of transmission. 
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In 1973, Feinstone and co-workers used immune electron microscopy 
to discover some 27-nm virus particles in stool of infectious hepatitis patients 
(Feinstone, Kapikian and Purcell, 1973). It had been shown that chimpanzees 
and tamarinds could be infected with the virus (Dienstag et al., 1975; Maynard 
et al, 1975), and the virus was characterized further. 
Hepatitis A virus (HAV) has an RNA genome (Bradley et al., 1978). It 
is a 27 _ 32 nm icosahedral particle with 32 capsomeres on its surface. The 
virus has a buoyant density of 1.33-1.34 g/ml, a sedimentation coefficient of 
156 _ 160S, and contains 4 polypeptides (Coulepis et al., 1982). Based on 
early characterization, HAV was classified as an enterovirus (type 72) in the 
Picomavirus family (Gust et aL, 1983). However, when compared to other 
enteroviruses, HAV replicated much more slowly, had greater heat stability 
than other enteroviruses (Siegl, Chastonay and Kronauer, 1984). HAV has 
essentially no nucleotide and amino acid sequence identity with other 
enteroviruses (Feinstone, 1986) and did not appear to have a primary intestinal 
tract phase ofreplication. Thus, HAV has been reclassified in a separate genus, 
the Hepatovirus in the Picomavirus family (Minor, 1991). 
1.1.3 Stability and disinfection of HAV 
HAV is quite stable in the environment, and this facilitates transmission. 
The virus has been shown to survive in dried faeces for l month (McCaustland 
et al., 1982) and at pH 1.0 for 90 minutes at 38°C (Scholz, Heinricy and 
Flehmig, 1989). HAV appears to be more resistant to heat than poliovirus as 
determined by the time and temperature required to reduce cell-culture 
infectivity by 50% (Siegl, Chastonay and Kronauer, 1984). When HAV is 
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suspended in milk and treated for 30 minutes at 62°C, 0.1% infectivity remains 
(Parry and Mortimer, 1984) suggesting that pasteurisation methods may not 
inactivate HAV completely (Millard, Appleton and Parry, 1987). 
Comparative studies on the survival of poliovirus and HAV in cookies 
and oysters, on polystyrene, in water and sediments, have shown that poliovirus 
is an inaccurate model for predicting survival of HAV (Sobsey et al.，1988). The 
ability of HAV to survive for extended period of time probably is due to the 
protection against degradation by other biological materials found in faeces. Not 
only can HAV survive on surfaces QVlbithi et aL, 1992)，it is also able to survive 
on human hands. This may in tum result in subsequent transfer to surfaces, 
which probably facilitates its indirect spread. 
Disinfectants should be considered as an adjunct to the prevention of 
HAV infection. Although they usually are not used directly on food products, 
they are used to ensure a clean environment in which food is prepared or stored. 
In other settings in which HAV can be transmitted, disinfectants have a role in 
ensuring that the environment does not remain contaminated with the virus 
(Cromeans et al, 1994). 
HAV has been shown to be relatively resistant to free chlorine in human 
and animal infectivity studies (Cromeans et al, 1994). However, one study 
suggests that HAV is more sensitive to chlorine than poliovirus as evaluated by 
cell-culture infectivity after treatment (Grabow et al., 1983). The differences in 
conclusions are most likely to be due to the use of dispersed HAV versus 
aggregated or cell-associated HAV particles (Grabow et al., 1983). Chlorine 
inactivates cell-associated virus more slowly than dispersed virus (Sobsey, Fuji 
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and Hall, 1991). HAV in the contaminated environment probably is associated 
with organic matter such as faeces, so that chlorine inactivates the virus more 
slowly. An outbreak of hepatitis A among swimmers, associated with faecal 
contamination of pool water, indicated in an environment with free-chlorine 
level of only 0.3-0.5 ppm (Mahoney et al., 1992), HAV is still viable in the 
faecal contaminated water. 
1.1.4. Molecular biology of HAV 
1.1.4.1 Genomic organization of HAV 
HAV has a single-stranded RNA genome of positive polarity, which is 
approximately 7,500 nucleotides long. Extracted RNA is infectious, 
confirming the positive polarity ofthe genome with respect to translation and 
protein synthesis (Howard and Zuckerman, 1990). Like the genome of other 
picomaviruses, HAV RNA has a poly-A tail at the 3' end and has no 5' RNA 
cap structure (Siegl and Frosner, 1978 ). The organization ofHAV genome is 
shown in Figure 1.1. It has a 5，non-coding region preceding a single long 
open reading frame of6681 nucleotides and a second non-coding region at the 
3，end (Howard and Zuckerman, 1990). Translation of the open reading frame 
gives rise to a single polyprotein and the polyprotein is cleaved by virus-
specific proteases into various structural and non-structural proteins. The HAV 
RNA has a similar genomic organization and translational strategy as that of 
other picomaviruses. Eleven virus-specific proteins can be found in cells 
infected with wild-type HAV. This pattem is similar to that of cells infected 
with poliovirus type'l (Locarnini et al.，1981). Only structural proteins of the 
mature virion are found in infected cells. This may be due to the slow growth 
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rate ofHAV and its failure to inhibit host protein synthesis (Siegl et ai., 1981; 
Gauss-Muller, Helm and Deinhardt, 1984). 
Although the genomic organisation of HAV and other picomaviruses 
are similar, there is little similarity in their nucleotide sequences. A viral 
protein, Vpg, encoded by the 5’ end of the genome, has a lower isoelectric 
point than other picomaviruses similar protein (Weitz et al., 1986). At the 
nucleotide level, there is no hybridization among HAV RNA and cDNA of 
other picomaviruses. In addition the HAV RNA sequence showed a reduced 
GC content which is in contrast the nucleic acid sequence of other 
picomaviruses genomes. The HAV genome has a unique region rich in 
pyrimidines towards the 5’ end in addition to the short pyrimidine tract close 
to the translation initiation site common to other picomaviruses. These 
features may result in a unique secondary RNA loop structure with 
implications for the mechanisms ofgenome replication (Baroudy et aL, 1985; 
Cohen etal., 1987). 
The capsid of HAV is composed of three major structural 
proteins:Viral polypeptide (VP) 1, VP2, and VP3, with 33，27, and 29 kDa 
respectively (Wheeler et aL, 1986). A fourth protein, VP4, about 2.5 kDa with 
17 amino acids has been found to be encoded by the nucleotide sequence of 
the virus. However, this protein has not yet been detected experimentally 














































































































































































































1.1.4.2 Antigenic sites on the capsid of HAV 
Based on studies of neutralization by monoclonal antibodies, HAV is 
shown to be of a single serotype (Stapleton and Lemon,1987). In addition, 
VP1 of HAV and other picomaviruses is the major exposed protein (Ross et 
al., 1986). Alignments ofVPl sequences of poliovirus type 1 and HAV have 
identified three peptides with potential antigenic cross-reactivity and a 
synthetic peptide from one of these sequences has been used in rabbits to 
generate antibodies that neutralized HAV in cell culture (Emini et al，1985). 
Virus mutants selected for resistance to neutralization by monoclonal 
antibodies, as well as studies in competitive antibody-binding experiments, 
suggest that HAV have a single conformational immunogenic epitope. This 
epitope is composed of several sites located on VPl and VP3 (Ping et al.， 
1985； Ping and Lemon, 1992). Under antibody selection, amino acid changes 
occur in both sites simultaneously, which further supports the concept that 
these two sites interact to form a single neutralization epitope (Nainan, Brinton 
and Margolis, 1992). 
1.1.5. Laboratory diagnosis and methods ofstudy for HAV 
1.1.5.1. Cell-culture propagation and antigen detection 
HAV has been propagated in several cell types ofhuman and non-human 
primate origin, including primary and secondary African green monkey kidney 
cells (Wang, Nielsen and Vestergard, 1985), foetal rhesus kidney cells (FRhK-4, 
FRhK-6), Alexander hepatoma cells (Fr6sner et al, 1979) and human 
fibroblasts (Flehmig, Vallbracht and Worster, 1981). Some cell lines such as 
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MRC-5 (human lung fibroblast) (Gregersen, Mehdi and Mauler, 1988) and HFS 
(human fibroblast strains) (Flehmig, Vallbracht and Worster, 1981) have been 
used to propagate adapted virus for vaccine production. BSC-1 (African green 
monkey kidney) and FRhK have been primarily used for the propagation of 
HAV. These cell lines are useful in the initial isolation of virus from clinical or 
environmental samples (Sobsey et aL, 1985; Bloch et aL, 1990). However, this 
isolation method is not without problems due to the slow growth of HAV and 
the high multiplicity of infection required for the virus to induce CPE in cell 
cultures. 
The lack of CPE in infected cells highlighted the necessity in using 
immunologic assays for the detection of HAV antigens in cells. These assays 
included immunofluorescent microscopy, solid-phase radio-immunoassay (RlA) 
and enzyme immunoassays OEIA) (Coulepis e/ a/,1985). Methods used to 
quantitate infectivity in vitro included the radio-immunofoci assay (REFA) 
g,emon, Binn and Marchwicki, 1983)，fluorescent foci assay O^Iathiesen et al, 
1978； Siegl, De Chastonay and Kronauer, 1984)，in situ RIA (Siegl, De 
Chastonay and Kronauer, 1984), and in situ hybridization (Jiang, Estes and 
Metcalf, 1989). The latter has shortened the assay time to 3-4 days as compared 
to 7 days for in situ RIA and 6-21 days for RIFA. 
The standard assay for virus identification is the RIFA, an assay that 
utilises radioactively labelled antibody to detect infectious foci in cell culture 
(Lemon, Binn and Marchwicki, 1983). The RIFA is analogous to the standard 
viral plaque assay and has been used for virus quantitation, neutralisation 
studies，studies of virus stability and disinfection, as well as clonal isolation of 
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virus strains (Nainan, Brinton and Margolis, 1992; Lemon, Binn and 
Marchwicki, 1983). HAV isolated from clinical or environmental samples forms 
smaller foci in the RIFA and may require longer incubation time (up to three 
weeks) to be detected as compared to cell-culture-adapted strains. With most 
cell-culture-adapted strains, radioimmunofoci can be visualised within two 
weeks, whereas rapidly replicating variants of HAV form larger 
radioimmunofoci that are detectable in five to seven days (Cromeans, Fields and 
Sobsey, 1989). 
With the isolation ofcytopathic strains ofHAV (Anderson, 1987; Nasser 
and Metcalf, 1987)，a classic viral plaque assay has become available for studies 
in neutralisation, environmental stability, replication, and clonal isolation. 
However, the plaque assay has not been applied for the isolation and quantitation 
ofHAV directly from clinical or environmental samples. 
1.1.5.2. Nucleic acid detection 
Radioactively labelled nucleic acid (DNA or RNA) probes can be used 
to detect minute quantities ofHAV. Nucleic acid hybridization has been shown 
to be more sensitive than immunoassay but less sensitive than RIFA or 
infectivity in susceptible nonhuman primates (Ticehurst et al, 1987; Shieh et 
a/.,1991). Because of the slow rate of HAV replication and the limited 
availability of animal medels for infectivity studies, detection of viral nucleic 
acid was the method of choice when a high level of sensitivity is required. 
Hybridization using single-stranded RNA (ssRNA) or cDNA probes was shown 
to be able to detect 500-1000 infectious units of HAV. When faecal specimens 
have been analysed by hybridization, the period of virus excretion following 
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infection has been shown to be longer than those found by RIA detection of 
HAV antigen indicating the higher sensitivity in detecting HAV by 
hybridization than RIA (Tassopoulos, et al., 1986). 
However, nucleic acid hybridization has not always been sensitive 
enough to detect low levels ofHAV RNA that have been shown to be infectious. 
In spite of this, the sensitivity of nucleic acid detection has been increased 
greatly by the amplification of viral RNA by reverse transcription followed by 
polymerase chain reaction (RT-?CR). In this method, a selected segment ofthe 
viral RNA genome is reverse transcribed and the resulting cDNA amplified by 
the heat-stable Taq {Thermus aquaticus) polymerase (Jansen, Siegl and Lemon, 
1990; Chapman et aL, 1990). Primers used for the reverse transcription and PCR 
amplification of HAV RNA have been selected from the capsid regions of the 
genome which are highly conserved in the majority ofHAV strains. 
The specificity of the amplified nucleic acid products has been 
determined by hybridization with radiolabeled or non-isotopically labelled 
oligonucleotide probes (Jansen, Siegl and Lemon, 1990; Margolis and Nainan, 
1990). Low levels ofHAV RNA have been detected by RT-PCR in a variety of 
clinical and environmental samples O i^u et al.’ 1992; Desenclos et al., 1991; 
Jansen, Siegl and Lemon, 1990; Robertson et al., 1991; Robertson et al., 1992; 
Jaykus, DcLcon and Sobsey, 1993). The level of detection ofHAV by RT-PCR 
has been shown to be as low as 0.5 radioimmunofocus units using laboratory 
adapted HAV (Jansen Siegl and Lemon, 1990). Laboratory contamination of 
RT-PCR can occur easily and yields false-positive results unless precautions 
have been taken (Kwok and Higuchi, 1989). Furthermore, although detection of 
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nucleic acid serves as an indicator that HAV is present in the specimen, 
additional information (usually epidemiologic) must be used to determine if it is 
associated with the infection (Desenclos etaL, 1991; Rosenblum etaL, 1991). 
1.1.6. Epidemiology ofHAV 
1.1.6.1. Distribution of HAV infection 
Worldwide, HAV infection is onrnion and under-reporting is known to 
be high. More than 90% of children in many developing countries (for 
example most of Africa and Asia) had serological markers of past HAV 
infection by the age of 6 years, with most infections being asymptomatic 
(Hadler et al, 1991). However, in industrialized countries ^particularly in 
Northern Europe, North America and Australia) improvements in sanitation 
have resulted in a decrease in the incidence ofHAV infection. The prevalence 
— of antibodies in young adults in such countries is only 20 to 30 % (Zuckerman 
and Harrison, 1994). These differences in age-specific infection rates have 
resulted in a large proportion of the children and adult populations being 
susceptible to HAV infection. When HAV is introduced into these populations 
(e.g. through contaminated food and water or from person-to-person), large 
outbreaks of disease may result. This is supported by seroprevalence studies in 
many countries. Studies had shown that low rates of infection among young 
children and young adults was found in Shanghai, China (Hu et al., 1984) 
resulting in a very large epidemic (more than 300,000 cases) of HAV infection 
occurring over several months in 1988 (Yao, 1991; Halliday et al., 1991). 
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1.1.6.2. Seasonal pattern ofHAV infection 
In temperate zones the characteristic seasonal trend for HAV infection 
showed an increase in incidence in the autumn and early winter months, 
falling progressively to a minimum during the mid-summer. However, 
recently the seasonal peak was no longer demonstrated in some countries. In 
many tropical countries the peak of the infection tends to be associated with 
the rainy season, with a lower incidence during the periods (Zuckerman and 
Harrison, 1994). 
1.1.6.3. Mode oftransmission 
HAV is transmitted most commonly by the faecal-oral route or by 
person-to-person contact and infection is particularly common in areas with 
overcrowding and poor sanitation. Outbreaks had been reported to occur 
within households, day-care centres, and institutions for the developmentally 
disabled (Hadler, 1991). Investigation of transmission in the hospital setting 
has confirmed that poor hand washing and food consumption in an 
environment where HAV is present were risk factors for infection 
(Rosenblum, et al, 1991). 
Compared with other picomaviruses, HAV was shown to be more 
resistant to low pH (Scholz, Heinricy and Flehmig, 1989)，heat (Parry and 
Mortimer, 1984)，and drying (McCaustland et al., 1982). Such properties 
allow the virus to persist in the environment for long periods of time. HAV 
can survive on human hands and thus can be transmitted to environmental 
surfaces (Mbithi et al.’ 1992). This results in transmission from sources which 
are not apparent or readily traceable. 
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Common sources of outbreaks are most frequently from faecal 
contamination ofdrinking water and food. However, water-bome transmission 
is not a major factor in industrialized communities. On the other hand, many 
foodbome outbreaks have been reported in developed countries. Outbreaks 
may be due to contamination of the food where it is grown and harvested, or 
by contamination of food after preparation. In both cases, the food usually 
were not cooked adequately, had been eaten raw, or had been contaminated 
after being cooked. The food most often contaminated at its origin has been 
shellfish. 
Uncooked food or food handled after cooking has been the usual 
source ofHAV infection transmitted by food handlers. The major risk factor in 
these outbreaks has been poor personal hygiene before the recognition that the 
foodhandlerhadhepatitisA(Carl，FrancisandMaynard，r983).Recently， 
outbreaks occurred as a result of contamination by agricultural field workers 
before retail food distribution such as with fresh lettuce (Rosenblum et al, 
1990) and frozen strawberries Q^'m et al., 1992) had been reported. 
HAV has also been shown to be transmitted by water. Ingestion of 
water while swimming in a chlorinated pool (Mahoney et al，1992) or in a lake 
(Bryan et al., 1974) has been associated with hepatitis A infection. The 
isolation of HAV from groundwater had been implicated as sources in 
outbreaks ofHAV infection (Sobsey et al., 1985; Bloch et al., 1990). 
Hepatitis A virus have been transmitted among handlers of newly 
captured non-human primates (Krushale, 1970). However, in general, HAV is 
not transmitted by blood, blood products, and very rarely by the parental route, 
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evenlthough these have been achieved experimentally in volunteers and in 
susceptible non-human primates. HAV infection has been reported to be 
associated with preparations offactor VIII (Hollinger et al, 1983; Noble et al, 
1984; Normann, Graff and Flehmig, 1994). 
1.1.6.4. Molecular epidemiology 
A high degree of nucleic acid conservation exists among human HAV 
isolates. Although only one serotype of hepatitis A has been identified, strain-
specific differences exist at least at the level of the nucleotide sequences of 
viral RNA from different isolates ofhepatitis A virus. Nucleotide variation has 
ranged from 1% to 4%. A few isolates of HAV showed that their RNA 
sequences differ by 10%. PCR has been used to amplify selected regions of 
VP1 and VP3. HAV has been classified into seven genotypes based on the 
pattem of DNA presence nucleotide sequence patterns from these areas 
(Jansen, Siegl and Lemon,1990; Robertson et al, 1991). Most of the HAV 
strains isolated from North America were of a common genotype, whereas the 
strains isolated from Japan and Western Europe were of multiple genotypes 
and may reflect viruses imported as a result of international travel (Robertson 
et al，1991 ； Robertson et al，1992). 
1.1.7. Epidemiology of HAV infection in Hong Kong 
In Hong Kong, viral hepatitis was a statutory notifiable disease since 
1974. The notification did not distinguish whether it was hepatitis A, hepatitis 
B or non-A, non-B G J^ANB) hepatitis since they were clinically similar. In 
1986，however, differentiation of these cases was made possible largely by 
serological investigation and exclusion. 
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The notification rates of viral hepatitis since 1974 fluctuated over the 
years and showed a seasonal rise usually begins in December, peaked in 
March and April and return to low level in July. Six thousand one hundred and 
fifty eight notified acute hepatitis cases occurred in 1991 and 1992: 80% were 
hepatitis A cases, 5% were hepatitis B cases, 8% were hepatitis NANB cases 
and 7% ofthe cases could not be classified (Lee, 1994). 
Study on the serological markers for hepatitis A and hepatitis B 
infection conducted on Chinese blood donors sera confirmed that hepatitis A 
infection was widespread in Hong Kong (Chang 1978/79; Vims Unit, 1989). 
Anti-HAV positive rate increased with age, reaching 90% at 50 years ofage. It 
appeared that there was a changing pattem of hepatitis A infection in Hong 
Kong in the years from 1979 to 1989. With improvement in the sanitary 
condition, personal and food hygiene, and health education level of the public, 
the latest study revealed that fewer children before their first decade of life 
were infected leaving the risk of exposure to a later life. This partially 
explained the recent increase in the notifiable clinical cases in adults. This 
phenomenon has also been observed in the developed countries during their 
socio-economic transition. 
In recent years, the incidence of acute hepatitis A infection per 100,000 
population ranged from 10.87 in 1989 (a year of low incidence) to 62.39 in 
1992 when Hong Kong experienced the largest hepatitis A outbreak. The case 
fatality rate was low at around 0.1%. The incidence of hepatitis A in Hong 
Kong shows a seasonal variation, with a peak in spring and early summer. 
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Hepatitis A in Hong Kong is essentially transmitted via the faecal-oral 
route. Contact spread and water-bome hepatitis is uncommon in Hong Kong. 
There had been two small outbreaks of suspected hepatitis A due to 
contaminated water supply in the past, one was in 1973 and the other in 1974. 
In the 1973 outbreak, 16 people who lived in Castle Peak area were involved. 
In the 1973 outbreak it was discovered that there was an unauthorized 
cross-connection between the well water systems. The well water was grossly 
contaminated bacteriologically and having a high ammonia content indicating 
pollution by sewage. The 1974 outbreak involved 30 school children in a small 
fishing village in an outlying island ofTap Mun. The outbreak was confined to 
school children who were in the habit of drinking water from the school well 
unboiled. This outbreak was brought under control following 
hyperchlorination of the two wells and the emphasis of personal hygiene and 
boiling of water before drinking (Lee, 1994). 
Food-bome hepatitis can result from the contamination of food by 
subclinical cases or anicteric foodhandlers and the consumption of shellfish 
harvested from sewage-polluted waters. The eating habits of the population 
such as the consumption of shellfish particularly in a partially-cooked 
condition contributed to these food-bome infection. 
The relationship between shellfish and hepatitis A outbreaks has been 
shown in the outbreaks of 1988 and 1992 in Hong Kong. The outbreak of 1988 
lasted for four months from December 1987 to March 1988. In this outbreak, a 
total of 1991 cases were notified for the first five months of 1988 among 
which 51.5% were laboratory confirmed hepatitis A cases. The overall 
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incidence of hepatitis A was 18.3 per 100,000 population. About 80% ofthe 
cases had eaten bivalve types of shellfish such as oysters, clams, cockles and 
mussels. Sixty percent had consumed oysters at restaurants, cooked food stalls, 
unlicensed hawkers and at homes. Curiously before the occurrence of the 
outbreak of hepatitis in Hong Kong, there were reports of an epidemic of 
hepatitis A in Shanghai, China. However, only 29 cases were imported during 
the 1988 outbreak and there was no evidence to suggest that the origin ofthe 
outbreak in Hong Kong was connected with the hepatitis A epidemic in 
Shanghai. Moreover, only 13.8% of the hepatitis A cases had history of having 
visited China prior to developing the illness O^ee, 1994). However the 
consumption of contaminated shellfish imported from the affected areas 
cannot be ruled out. 
The hepatitis A outbreak in 1992 lasted from December 1991 to 
August 1992. It was a territory-wide outbreak with a total of 3594 (84%) 
hepatitis A cases confirmed. Epidemiological study on food intake among the 
confirmed hepatitis cases showed that 68% had taken some types of shellfish; 
45% had taken oysters (ofwhich halfhad taken them raw or partially-cooked); 
44.70/0 had taken shellfish other than oysters such as clams and mussels and 
23% ofthe confirmed cases had history oftravel abroad (Lee, 1994). 
1.2 Transmission ofenteric viruses through contaminated food 
A number of attempts have been made to assess and quantify the risks 
of acquiring HAV infection from various food. Differences may result from 
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the criteria employed, but almost invariably foodbome infections remained the 
major hazard for hepatitis A (Wheelock, 1988). 
A large number of microorganisms are associated with foodbome 
infections. Within this category bacteria are of prime importance with respect 
both to the morbidity of disease and pathogenic mechanisms involved. The 
role ofviruses in foodbome disease is less well defined. In part, this is due to 
the technical problems involved in the detection of small numbers ofviruses in 
contaminated food and the inability of many enteric viruses to propagate in 
yitro. The techniques for virus detection require special facilities, which are 
not generally available in microbiology laboratories of the food industries. 
Enteric viruses are shed with faeces and thus would enter the sewage 
system (Cliver, 1985). Most viruses are not eliminated by sewage treatment 
and will cause contamination in rivers, estuarine and coastal waters. Thus 
enteric viral infections are mainly water-borne or food-bome. The source of 
food-bome viral infections include contaminated water used in the preparation 
of food and contamination by food handlers who were shedding the virus 
(Cliver, 1994). Molluscan shellfish such as clams, mussels, and oysters are the 
major known primary source of enteric viral infections such as enteroviruses, 
rotavirus, small round structured viruses (SRSV) and hepatitis A virus (Gerba, 
1988; Cliver, 1997). Shellfish are also vehicles of transmission of hepatitis E 
virus (Bradley, Krawczyshi and Kane, 1991). Contamination of shellfish is 
suspected to be associated with sewage contamination of growing beds. The 
shellfish are filter feeders which concentrate the particulate content of the 
surrounding water, including any bacteria and viruses present in the water, up 
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to a thousand-fold in their digestive diverticulum (Mitchell et. al； 1966; 
Romalde et. al； 1994). 
Clams and mussels are either eaten raw or mildly cooked to prevent 
shrinkage and toughening of the meat. Some oysters are eaten raw or 
inadequately cooked. Inactivation of contaminating bacteria and viruses 
cannot be guaranteed. It should further be appreciated that different sanitation 
programs may be necessary for the control of virus contamination than 
bacteria. 
1.2.1 Active accumulation ofwater contaminants by sheUfish 
Although all bivalves are filter feeders, differences in structure, sensory 
stimulation and physiological functions exist among species. These differences 
are significant in the accumulation and elimination of microorganisms and 
viruses by shellfish. 
A measure of bivalves feeding rate as determined by calculating the 
difference between incoming and outgoing particulate concentrations showed 
that mussels are more efficient than oysters, followed by clams in accumulating 
viruses (MetcaIf et al, 1979; Scotti et al., 1983). The degree of uptake and 
accumulation of viruses by shellfish also depends upon many factors including 
duration of exposure, concentration of viruses in the surrounding water, 
turbidity, salinity, temperature and pH of water, type of virus and the availability 
of food (Tenore, Goldman and Clamer, 1973 ； Metcalf, 1978). 
Most viruses enter the mantle cavity during shellfish feeding activity and 
are accumulated in the digestive tract as described by Metcalf and Stiles (1968). 
Probably because of its size, the virus particle is retained by gill structures 
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during the sorting of particles filtered out of influent seawater. Adsorption of 
viruses to fine particulate also leads to retention by gill structures. The mucus 
sheath covering these surfaces facilitates retention upon the gill structures (Scotti 
et aL 1983). Differences in the rates of accumulation noted among enteric 
viruses have also been attributed to the differences in surface charge among 
viruses ODuff, 1967). 
1.2.2. Retention ofviruses by shellfish in contaminated water 
Viruses attached to mucus are primarily an ionic interaction and involve 
the binding ofvirus particles to the sulphate moiety of the mucopolysaccharide 
of shellfish mucus gDiGirolamo, Listen and Matches, 1977). Virus particles are 
admitted to the mouth as food sources and are conveyed from the mouth to the 
stomach and accumulate. Once viruses are within the stomach, the viruses may 
remain within the stomach pouch, which may be subject to enzymatie 
degradation, or they may be transported into the digestive diverticula. While 
most viruses remain in the digestive tract, some may diffuse to other tissues. 
DiGirolamo, Listen and Matches (1975) observed that the quantity of virus in 
the body ofthe contaminated oyster increased to 16% after 48 hours, indicating 
that diffiision of ingested viruses to other body parts from the digestive system. 
1.2.3. Elimination ofviruses in contaminated shellfish 
Viruses are eliminated by shellfish as part of the normal procedure for 
removal ofwaste products. Survival of viruses and their persistence in shellfish 
tissues depend upon factors which may influence shellfish activities. Factors 
favourable to elimination processes include optimal water temperature and 
normal pumping and feeding activities (Sobsey et «/.,1988). Persistence of 
21 
^ 
viruses in shellfish can be prolonged by suspending normal shellfish activities 
such as the lowering oftemperature. For example, viruses may remain stable for 
four months or more in oysters maintained at 5�C or less (Metcalf, 1978). 
1.2.4. Indicators for contamination by enteric viruses 
Until the present time, indicators based on bacterial contamination 
(especially coliforms) are used for the standardization of water quality 
surrounding shellfish growing areas and shellfish harvested for consumption 
(American Public Health Association, 1992). Recent studies have shown that 
even in areas where the number of bacterial indicators are within acceptable 
level, enteric viruses may still be present in such shellfish growing area leading 
to contamination (Wait et al, 1983). The increase of incidences or outbreaks of 
shellfish associated or waterbome ilbiesses caused by enteric viruses in recent 
years highlighted the importance of a reliable indicator system for enteric 
viruses. Many indicator organisms including viruses had been proposed. Yet no 
single indicator or reference organisms is able to ensure the virological safety of 
water and shellfish (Elliot and Colwell, 1985). In addition, there is a lack of 
correlation oftotal coliform counts and the number of enteric viruses present in 
shellfish samples (Elliot and Colwell, 1985; Sobsey, 1987). There is an urgent 
need to establish a virological index to be used for the monitoring of water and 
shellfish. 
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1.3. Detection ofviruses from foods 
1.3.1 Conventional methods for the recovery of viruses from foods 
There are no ‘standard, methods for vims recovery from foods. The 
general approach to recover virus from food is homogenization of a food 
suspension, clarification ofthe suspension to remove the bulk offood particles 
and the extraction of virus present followed by concentration of the virus 
extracted. A blender or other mixer usually does homogenization, clarification 
is generally by low speed centriftigation whereas differential centrifugation, 
ultrafiltration, hydroextraction (i.e. with polyethylene glycol), or acid 
precipitation can accomplish concentration. 
Methods have been devised for the detection of HAV in a number of 
foods, but the major efforts have been made in the development ofdetection of 
enteric viruses in shellfish because of the long association of shellfish with 
foodbome diseases. A review of the methods and the details of 
experimentation is outlined in Sobsey (1987). However, all of the methods 
developed were aimed at the most easily cultivated and cytopathic enteric 
viruses from shellfish such as the polioviruses and other enteroviruses. Most 
of these methods have not been developed specifically for or had not been 
applied to viruses like HAV, Norwalk virus, etc. which are difficult to detect 
and most often implicated in foodborne viral diseases. 
1.3.2 Detection of viral nucleic acid for the recovery of viruses in foods 
The use of nucleic acid probes for virus detection and identification 
had been described for a number of virus groups. Nucleic acid hybridization 
techniques had been shown to be effective for the detection of HAV in water. 
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HAV had been detected by ssRNA probes in samples that were negative by 
solid-phase RIA and were not positive in cell cultures until several weeks of 
incubation (Shieh et aL, 1991). Hybridization techniques was also shown to be 
more effective than other detection method for the detection of coxsackievirus 
B3 using ssRNA probes which detected vims in sample that were negative by 
cell culture (Shieh et al., 1991). Application of probes for the detection of 
HAV and rotavirus in 'seeded' shellfish resulted in sensitivities of 
approximately 10^  infectious units of HAV and 10^  plaque-forming units 
(PFUs) of SA11 rotavirus (Zhou, et aL, 1991). However, the authors 
concluded that a greater level of sensitivity than that obtained would be needed 
before the methods could be applied practically to viruses of public health 
interest. 
Nucleic acid amplification techniques, such as the polymerase chain 
reaction (PCR), provide a more sensitive way than direct hybridization for the 
detection of viral nucleic acids in samples. In most studies, viral RNA was 
isolated by conventional phenol-chloroform extraction and ethanol 
precipitation. In some cases, viral RNA was processed further for removal of 
reverse transcripts PCR (RT-PCR) inhibitors by absorption of CF11 cellulose. 
However, these sample preparation methods are bulky and time consuming. 
Likewise, the removal of RT-PCR inhibitors by virion capture PCR (VC-PCR) 
is feasible only if the required apecific capture antibodies are available. VC-
PCR application has been described for the detection of HAV in clinical 
samples (Jansen, Siegl and Lemon, 1990; Brown and Robertson, 1990). This 
combined method may also prove useful for the detection of virus in food and 
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water samples. An advantage ofVC-PCR is that virion-associated viral nucleic 
acid is more likely to represent infectious material than would free nucleic acid 
fragments. 
At least one study has suggested that PCR using either antigen-capture 
or heat denaturation to obtain viral RNA was more sensitive than ELISA for 
detecting HAV in stool samples (Rosenblum, et aL, 1991). The ELISA used 
had an estimated sensitivity of 125ng viral antigen per ml. HAV RNA was 
detected by PCR in three out of five samples which were negative by ELISA 
for antigen. However, there is a problem of not knowing whether the HAV 
RNA detected only by PCR amplification represented infectious virus as 
discussed by the author. 
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1.4. Objectives of the study 
Consideration of the role of viruses in the transmission of disease via 
food is currently speculative due to the lack of reliable methods for the 
detection, identification and quantitation of viruses in food and the 
environment where such food were cultivated or handled. Only limited 
information is available on the actual recovery of viruses from food. 
To assess the impact offood contamination and to study the associated 
risks of ingesting contaminated food in the epidemiology of hepatitis A 
infection in an endemic area like Hong Kong, it is necessary to establish a 
sensitive and efficient method for the qualitative and quantitative detection of 
hepatitis A virus in shellfish commonly available. The first objective of this 
study was to establish a reliable method for the detection ofHAV in shellfish. 
Nucleic acid amplification was recognized as a sensitive method which 
bypasses the difficulties associated with virus culture and is most applicable to 
the detection of HAV in shellfish. Standardized procedure for RT-PCR 
detection of HAV RNA was to be established and the most efficient way by 
which viral RNA was to be extracted were examined. 
To control the outbreaks of HAV infection, the source of infection of 
HAV must be identified. The second objective of this project is to study the 
contamination of locally available shellfish by hepatitis A virus using the 
established methodology. 
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Chapter 2 - MATERIALS AND METHODS 
2.1 Materials 
2.1.1 Sera from patients with acute viral hepatitis 
Sera were collected from patients with acute viral hepatitis admitted to 
the Prince of Wales Hospital or those attended the Accident and Emergency 
Department ofthe Prince ofWales Hospital with acute hepatitis. The sera were 
submitted to the Virology Laboratory ofthe hospital for routine diagnosis of 
viral infections. All sera were assayed for hepatitis B virus surface antigen 
(HBsAg), IgM antibody against hepatitis B virus core antigen (IgM anti-
HBcAg) and IgM antibody against HAV (IgM anti-HAV) by using 
commercially available enzyme-linked immuno-sorbent assays (Abbott 
Laboratories. Abbott Park, USA). These assays were performed by staff ofthe 
Virology Laboratory of the Department of Microbiology at the Prince of 
Wales Hospital. 
2.1.2 Collection ofshell fish samples 
Three types of shellfish commonly available and consumed in Hong 
Kong were collected from ten different sites in Hong Kong. The shellfish 
samples included clams, mussels, and oysters. Five samples of each shellfish 
were collected from ten sites during the wintertime (November 1993 to March 
1994). In addition, shellfish samples ofmussels and clams were also collected 
from three sites around Hong Kong during the summer period (June to August 
1994). Oyster samples were not collected in summer since it is not generally 
available during the summer period in markets around Hong Kong. The 
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collection points for the shellfish in the winter and summer are presented in 
Figure 3.1 and 3.2. One hundred and eighty specimens were totally collected. 
The collection point of shellfish specimens around Hong Kong 
included all heavily populated areas. These included sites on the Hong Kong 
Island, the Kowloon peninsula and the New Territories. The seafood markets 
selected for each site were popular markets where high volume of foodstuffs 
were sold and a large variety of seafood were available. The sampling of 
shellfish at different seasons during the year was aimed to investigate the 
seasonal pattern ofHAV contamination in Hong Kong. However, the origin of 
these shellfish (either locally harvested or imported) was not recorded since 
most ofthe shop owners either refused to disclose the source or labelled them 
as locally harvested. It is understood that a majority of seafood in Hong Kong, 
especially shellfish, were imported and the largest source of import was from 
China. 
2.1.3 Purified HAV preparations as positive control 
A standard hepatitis A virus HM175 strain preparation was a gift from 
Moon Bay Biotechnology Co. Ltd. of Shenzhen, Guangdong, People's 
Republic of China. The virus was passaged in BS-C-1 cell (rhesus monkey 
kidney cell line) (ATCC, USA) and was purified by gradient centrifugation. 
The stock virus was inactivated with glutaraldehyde and was stored at -70°C. 
The virus was used as an antigen source in a commercially available enzyme 
immunoassay for the detection ofanti-HAV IgG antibodies in human sera. 
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Figure 2.1 Sampling of shellfish (oysters, mussels and clams) from ten 
different sites around Hong Kong during the winter season. 
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Figure 2.2. Sampling ofshelll1sh (mussels and clams) from three different 
sites around Hong Kong during the summer season. Oysters were not 
generally available in Hong Kong during the summer season. 
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2.1.4 Control samples for the virion capture method 
Several controls were incorporated into the study for the evaluation of 
the specificity of the virion capture and RT-PCR methods. These included a 
cloned full length hepatitis B virus DNA (pAM6 cloned in pBR322 and 
propagated in E. coli, ATCC 45020); sera containing hepatitis C virus RNA 
used in the branched-DNA HCV RNA quantitation assay (Quantiplex HCV, 
Chiron, USA), clinical isolates of poliovirus serotypes 1，2 and 3 (vaccine 
strains) and stool specimens containing rotavirus, enterovirus and Norwalk 
virus as confirmed by electron microscopy (EM). 
2.1.5 Preparation of dissecting instruments and processing of shellfish 
samples 
All instruments used for the dissection of shellfish were sterilized by 
autoclaving. Aseptic techniques were used in all sample processing to prevent 
extraneous microbial contamination and RNase introduction. Decontamination 
of work area was achieved by applying RNase AWAY™ (Molecular Bio-
Products, USA) liberally to the surface of all working areas. 
Homogenization ofdissected shellfish samples were carried out using an 
electric homogenizer (Ultra-Turrax T25 Drive Unit with two dispersing tools, 
S25N-18G and S25N-10G) (IKA LABORTECHNIK, Germany) at 4°C under 
sterile conditions, in a biosafety cabinet. 
2.1.6 Plasticwares and glasswares 
RNases can be introduced accidentally into the RNA preparation at any 
time, because RNase activity is difficult to inhibit, it is essential to prevent its 
introduction. To control the introduction ofRNase into all samples and buffers 
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used in the study, sterile disposable plasticware and pipettes reserved for RNA 
work only were used. Non-disposable glass items were baked at 150�C for 4 
hours, and non-disposable plastic items were soaked for 10 minutes in 0.5M 
NaOH (BDH, USA), rinsed thoroughly with water, and autoclaved to remove 
RNase (Ausubel et aL, 1990). 
2.1.7 Chemicals, reagents and commercial kits 
2.1.7.1 Samples processing 
1 • Phosphate buffered saline (PBS) 
100 g of dried FA buffer (DIFCO, USA) was dissolved in 10 liter 
double distilled water. The final solution contained 8.5 g per liter of sodium 
chloride, 1.1 g per liter of sodium dibasic phosphate, and 0.32 g per liter of 
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sodium monobasic phosphate. The PBS was then autoclaved at 15 lb./in for 
- 15 minutes and store at 4�C. 
2. DEPC-double distilled water (DEPC-dd,均0) 
Double distilled water was stored in RNase-free glass bottles, and 
0.01% (v/v) of diethylpyrocarbonate (DEPC) (Sigma, USA) was added. The 
water was allowed to stand overnight and was autoclaved. 
2.1.7.2 Reagents for RNA extractions 
1. Reagents used for acid-phenol extraction method included: 
(a) Denaturing solution (solution D): 
4M Guanidine thiocyanate 





To minimize the handling of guanidine thiocyanate, a stock solution was 
prepared by dissolving 250 g guanidine thiocyanate (Sigma molecular 
biology grade, USA) in 293 ml dd. HjO with 17.6 ml of 0.75M sodium 
citrate pH 7.0 (Sigma, USA), and 26.4 ml of 10% sarcosyl (Sigma, USA) 
at 65°C. The stock solution was stored at 4°C and used within 3 months. 
Solution D was prepared by adding 0.36 ml of 2-mercaptoethanol (Sigma 
molecular biology grade, USA) per 50 ml of stock solution. This solution 
was storable for 1 month at 4°C. 
(b) Phenol: Phenol QJSB Ultrapure, USA) saturated with dd. H2O 
was kept at 4°C and storable up to 1 month. 
2. Reagents used for spin cartridge method 
The reagents used for the GlassMax RNA Microisolation Spin 
Cartridge system (GIBCO BRL, USA) are as below : 
(a) GuSCNME solution: 
0.2 ml of2-mercaptoethanol (Sigma, USA) was added to 2.3 ml ofguanidine 
isothiocyanate solution (4M guanidine isothiocyanate, 50 mM Tris-HCl pH 
7.5，and 25 mM EDTA) in an RNase-free polypropylene tube. The solution 
was mixed by inversion, and kept chilled on ice. 
(b) Binding solution; made up of: 
6 M sodium iodide 
3M sodium acetate pH 5.5 
(c) IX Wash buffer 
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8 ml of RNA wash buffer concentrate was transferred to a 500 ml RNase-free 
bottle and 142 ml of DEPC-dd. H2O and 170 ml absolute ethanol (Merck, 
Germany) was added. The solution was mixed and stored at 4°C. 
3. Reagents used for virion capture method 
(a) Mouse monoclonal antibody against hepatitis A virus 
500 ug/ml pure antibody in PBS buffer pH 7.2 (Chemicon, 
USA) 
(b) 21 % bovine serum albumin (Sigma, USA) 
(c) Washing solution 
0.05% Tween 80 
0.02% sodium azide 
All reagents were dissolved in PBS, sterilized by filter and stored at 4°C. 
2.1.7.3 Oligonucleotide primers synthesis 
The oligonucleotide primers for PCR were synthesized by the 
MilliGenmiosearch Cyclone Plus DNA synthesizer O^lillipore,USA). The 
following chemicals (Millipore, USA) were used for the synthesis: 
(a) Supporting column containing the 3' end nucleotide 
(b) deoxy-Adenosine, deoxy-Thymidine, deoxy-Guanosine, and 
deoxy-Cytidine monomers 
(c) Deblocking solution - with active ingredient dichloroacetic acid 
(d) Activator solution - with the active ingredient Tetrazole 
(e) Oxidizer solution - with the active ingredient I2 / H2O 
(f) Capping solution A & B -with the active ingredient Acetic 
anhydride and N-methylimidazole 
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(e) Washing solution - DNA synthesis graded acetonitrile 
2.1.7.4 Primer purification after synthesis 
(a) HPLC graded acetonitrile (Merck, Germany) 
(b) 20% (v/v) acetonitrile / dd. water 
(c) double-distilled water 
(d) 3% ammonia solution 
consisted of a 1:10 dilution of (v/v) 33% ammonia solution 
(Merck, Germany) in double-distilled water 
(e) 1.0 M triethylammoniiun acetate (TEAA), pH 7.0 
5 ml of glacial acetic acid O^erck, Germany) was mixed with 
70 ml ofdd. water. 14 ml of triethylamine (Merck, Germany) 
was added. The solution was adjust to pH 7.0 with either glacial 
aceticacidortriethylamineanddilutedtolOOml. 
(f) 2% (v/v) trifluoroacetic acid (TFA) (Merck, Germany)/dd. H20 
2.1.7.5 Gel electrophoresis 
Reagents used for agarose gel electrophoresis 
(a) Agarose (GIBCO BRL Molecular Biology Grade, USA) 
(b) Tris-borate electrophoresis buffer (TBE) 
- 8 9 mM Tris (Sigma Molecular Biology Grade, USA) 
- 2 mM EDTA (Ethylenediaminetetraacetic acid, Sigma, USA) 
- 8 9 mM Boric acid (Sigma Molecular Biology Grade, USA) 
- T o prepare 10X TBE stock solution, 270 g ofTris base, 137.5 
g of Boric acid and 100 ml of 0.5 M EDTA were dissolved 
in 2.5 liter ofdeionized water. 
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(c) 6X Tracking dye (Loading buffer) 
0.25% bromophenol blue (Pharmacia, Sweden), 0.25% xylene 
cyanol (Sigma, USA), 30% glycerol (BDH, UK) were 
dissolved in deionized water and store at 4°C until used. 
(d) Staining dye 
Ethidium bromide (Sigma, USA) stock solution at a 
concentration of 10 mg/ml 
Reagents used for polyacrylamide gel electrophoresis 
(a) Acrylamide (Promega, USA) 
(b) N,N'-Methylene-bis-acrylamide ^^romega, USA) 
(c) Urea QJSB, USA) 
(d) lOxTBE 
(e) 10% (w/v) Ammonium persulphate solution 
lg ofammonium persulphate O^SB，USA) was dissolved in 10 
ml ofdeionized water and prepared fresh each time. 
(f) TEMED:N,N,N,N'-tetramethylethylenediamine (Bio-Rad, 
USA) 
(g) Tracking dye (Loading buffer) 
0.01% Bromophenol blue (Pharmacia, Sweden) in deionized 
formamide (Sigma, USA) 
(h) Staining dye: 0.02% Methylene blue solution (BDH, UK) 
(g) Molecular weight markers 
- X DNA-Hind III (Promega, USA) 
- (|)x 174 DNA-HaeIII (Promega, USA) 
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2.1.7.6 Reagents for hybridization 
20X SSC 
175.3 g ofNaCl and 88.2 g of sodium citrate were dissolved in 
800 ml of H2O. The pH was adjust to 7.0 with lM NaOH. The final 
volume was adjusted to 1 liter and the solution was sterilized by 
autoclaving. 
50X Denhardt's solution 
Ficoll (Sigma, USA) 5 g 
Polyvinylpyrrolidone (Sigma, USA) 5 g 
BSA, pentax fraction V (Sigma, USA) 5 g 
H2O to 500 ml 
The solution was filtered with a disposable Nalgene filter and 
dispensed into 25-ml aliquots and stored at -20°C. 
Denatured salmon sperm DNA 
Salmon sperm DNA (Sigma type-III sodium salt, USA) was 
dissolved in water at a concentration of 10 mg/ml. The solution was 
stirred for 2- 4 hours at room temperature to dissolve the DNA, and 
sheared by passing through an 18-gauge hypodermic needle several 
times. The DNA was then boiled for 10 minutes and stored at - 20®C in 
1 ml aliquots. Prior to use, the DNA was heated for 5 minutes at 100°C 
followed by chilling it quickly in ice water. 
Prehybridization solution : 
The prehybridization solution contains 6X SSC, 5X Denhardt's 
solution, 0.05% sodium pyroposphate (Sigma, USA), 0.5% sodium 
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dodecyl sulfate (Sigma, USA), and 200 ug/ml of denatured salmon 
sperm DNA 
2.2 Methods 
2.2.1 Sample processing 
All samples were washed with PBS and kept frozen at -70�C before 
use. For clams, since the size of clams are small, the whole clam was 
processed. As for mussels and oysters, the digestive system of the shellfish 
were dissected out to enhance the detection of HAV. Both the meaty and 
digestive system parts were processed separately. The samples were processed 
by homogenizing in a homogenizer while being kept on ice. The homogenates 
were stored at -70�C until use (West, 1989). 
2.2.2 Artificially seeded HAV in shellfish 
Three extraction methods were used:the acid-phenol method, the spin 
cartridge method, and the virion capture method. These methods were applied 
to extract viral RNA from shellfish meats. Processed oyster samples seeded 
with HAV were used as positive controls and for evaluation of the efficiency 
ofRNA extraction. 
Oysters negative for HAV that examed by RT-nested PCR and 
confirmed by hybridization were mixed with HAV preparations (20 ul ofthe 
HAV stock or dilution of the virus stock were mixed with 80 ul of 
homogenized shellfish meat) and vortexed for 1 minute. The homogenates 
were processed for RNA extraction. 
2.2.3 RNA extraction methods 
2.2.3.1 Acid phenol method 
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One hundred microliter of the shellfish homogenate was mixed with 
400 ul of solution D and vortexed to break up the cell. Sequentially, 50 ul of 2 
M sodium acetate, pH 4, 500 ul of phenol (water saturated), and 100 ul of 
chloroforai-isoamyl alcohol mixture (49:1) were separentially added to the 
homogenate with thorough mixing by inversion after the addition of each 
reagent. The final suspension was vortexed vigorously for 10 seconds and 
cooled on ice for 15 min. The samples were then centrifuged at 10,000g for 20 
min at 4°C. After centrifugation, RNA is present in the aqueous phase whereas 
DNA and proteins are present in the interface and phenol phase. The aqueous 
phase was then transferred to a fresh tube, mixed with equal volume of 
isopropanol, and placed at -20�C for at least 1 hour for the precipitation of 
RNA. Sedimentation at 10,000g for 20 min was performed and the resulting 
RNA pellet was dissolved in 0.3 ml of soIution D. The resulting RNA was 
precipitated with equal volume isopropanol at -20°C for 1 h. RNA pellet was 
washed by 75% ethanol and resuspended in 40 ul 0.5% SDS at 65�C for 10 
minutes. RNA were then stored at -70°C. 
2.2.3.2 Spin cartridge method (GIBCO BRL, USA) 
Four hundred microliters of ice-cold GuSCN/ME solution was added 
to 100 ul ofthe shellfish homogenate in an RNase-free 1.5-ml polypropylene 
tube. The homogenate was disrupted by vortexing, and 280 ul ofcold, absolute 
ethanol (0.7 volume) was added to 500 ul of the homogenate solution and 
thoroughly mixed. The suspension was centrifuged at 13,000 x g for 5 minutes 
at room temperature. The supernatant was carefully removed with a sterile 
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pipette and 450 ul of binding solution was added, followed by 40 ul of 3 M 
NaOAc, pH 5.5. The pellet was resuspended by vortexing for 1 minute. 
The resuspended pellet was added to the GlassMax spin cartridge and 
centrifuged at 13,000 x g for 20 s. The spin cartridge was then washed twice 
by adding 0.5 ml ofcold (4�C)’ RNase-free 80%(v/v) ethanol and centrifuged 
at 13,000 X g for 20 s. After removing the final wash, the tube was further 
centrifuged at 13,000 x g for 1 minute to remove the last trace ofethanol. The 
cartridge was then placed into a fresh sample recovery tube and 40 ul of 
DEPC-treated water preheated to 65°C was added and incubate for at least 1 
minute. RNA was eluted by centrifugation at 13,000 x g for 20 s and stored at 
-70°C until use. 
2.2.3.3 Virion capture method 
The method described by Jansen, Siegl and Lemon (1990) was used 
with minor modifications. Sterile 1.5 ml polypropylene microcentrifuge tubes 
were coated with 1 ml of mouse anti-HAV monoclonal antibodies, diluted at 
1:400 in 50 mM sodium carbonate buffer (pH 9.6). After an ovemight 
incubation at 4�C，the tubes were washed three times with 1 ml PBS 
containing 0.05% Tween 80 and 0.02% sodium azide. The unbound anti-HAV 
was removed. 1.2 ml of 1% bovine serum albumin (Sigma, USA) in sodium 
carbonate buffer was added and kept at 4�C ovemight. The tubes were washed 
three times with 1.0 ml ofPBS containing 0.05% Tween 80 and 0.02% sodium 
azide. One ml samples (diluted 1:20 in PBS) were added to each tube, and the 
preparations were incubated ovemight at 4"C. The tubes were then washed 
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three times with 1.5 ml of IX PCR buffer (20 mM Tris pH 8.4-7.5 mM KC1-
2.5 mM MgCl2) (Amersham, UK). A 0.4 ml IX PCR buffer (Amersham, UK) 
was then added to each virus-coated tube. Following denaturation ofthe virus 
at 95°C for 5 min and rapid cooling on ice, the viral RNA was released from 
the antigen-antibody complex and purified by the spin cartridge method. 
2.2.4 Oligonucleotides used for RT, PCR and hybridization 
2.2.4.1 Oligonucleotides used in HAV RT-PCR 
Four primers and one probe (positive-strand primer H2+ and H4+, 
negative-strand primer H1 and H3, and a positive-strand probe，HP+) were 
synthesized with the Cyclone plus DNA synthesizer _ i p o r e , UK), following 
the manufacturers protocol, with primer sequences obtained from a previous 
study by LeGuyader et al (1994). 
The oligonucleotides used are listed in the following table : 
primers~ sequences “ location in HAV size of PCR 
and probe genome products (bp) 
" j | j : 5'<]GAAATGTCTCAGGTACTTTCTTTGC“ 2 3 8 9 - 2 4 1 3 2 4 5 
H 2 + 5'-GTT TTG CTC CTC TTT ATC ATG CTA TG 2168-2192 
H3_ 5'-TCC TCA ATT GTT GTG ATA GC 2358-2378 146 
H4+ 5'-TCA ACA ACA GTT TCT ACA GA 2232-2251 
H P + 5，TAA CAA CCA TGC AAG ATT TG 2281 -2300 
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Bases were numbered according to Brown, et al. (1989) and Cohen, et 
al. (1987). Both primer sets and the probe sequences were located on the 
conserved sequences ofthe VP1 gene of the capsid protein. 
The specificity ofthe primers were analysed by DNA homology search 
with the GenBank R95.0 + Daily Updates through 30/6/96 (CD-ROM 
GeneBank database disks using the DNASIS program for Windows, Hitachi 
software, USA). 
2.2.4.2 Primer set used for the evaluation of inhibitors of PCR in sheUfish 
homogenates 
Since the expression levels ofhuman p-actin gene are very stable, it can 
be used as a positive control to check the efficiency of cDNA synthesis and as a 
control for the presence of nonspecific inhibitors in PCR. Human p-actin gene 
primer set and positive control are commercially available O^axim Biotech, Inc., 
USA). The p-actin PCR protocol was followed according to manufacture's 
instructions. 
2.2.4.3 Preparation ofoligonucleotide primers 
The Cyclone plus DNA synthesizer utilizes the beta-cyanoethyl 
phosphoramidite method, with synthesis carried out on a solid support reaction 
column. The synthesizer adds each successive protected nucleotide monomer 
Q)hosphoramidite) in a series of steps: detritylation, activation, coupling, 
oxidation and fmal capping. After each step the column is washed to remove 
excess reagent and reaction by-products. The final 5'-Dimethoxytrityl (DMT) 
group (cap) was not removed from the product oligonucleotide primers so that 
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the oligonucleotides could be purified by an affinity column specific for DMT 
(Oligopack column, Millipore). 
2.2.4.4 Detachment ofthe synthesized primer from the column 
Utilising two syringes attached to both end of the column containing the 
oligonucleotides, 5 ml of fresh 30% ammonium hydroxide was passed through 
the column repeatedly and the column was then further incubated in the dark for 
45 minutes. This procedure was repeated twice, with the same volume of 
ammonium hydroxide each time. The ammonium hydroxide solution which 
contains the oilgonucleotide primer was incubated overnight in the dark at room 
temperature. The removal ofthe primer from the column and deprotection ofthe 
phosphorous by elimination of the cyanoethyl group required 90 minutes. The 
acetyl capping groups and base protecting groups required a longer period. The 
overnight incubation at room temperature minimises detritylation and increases 
the final yield. 
2.2.4.5 Purification ofthe synthesized oligonucleotides 
Separation of oligonucleotide is based on differences in the relative 
hydrophobicities ofthe different species in the solution. The more hydrophobic 
the species, the longer it is retained in the column. The presence ofthe 5'-DMT 
group means the incomplete sequences with the 5'-hydroxyl group, are eluted 
first, before the 5'-DMT primer. For equilibratic, 15 ml of acetonitrile was 
passed through the "oligo-pak" column prior to use, and rinsed with 15 ml of lM 
triethylammonium acetate (TEAA). This was then diluted with dd H2O at a ratio 
o f l : l (containing approx. 10-50 OD260 units) and passed through the column in 
a dropwise fashion from syringe for four times. The column was finally washed 
• . 
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with 15 ml of3% ammonium hydroxide solution, followed by 15 ml dd.H2o for 
the removal of incompleted sequences. The column was then washed with 5 ml 
of 2% trifluoroacetic acid (TFA) over a period of 1 minute to detritylate the 
product. Excess TFA was removed by washing with 10 ml dd. H2O. Three 1 ml 
volumes of 20% acetonitrile were used to elute the oligonucleotide. 
2.2.4.6 Confirmation ofsynthesized oligonucleotide 
To confirm the correct size of the oligonucleotides, the samples were 
analysed on a 15% denaturing polyacrylamide gel with 4% cross-linking and 
stained with 0.2% methylene blue/aqueous solution. The appearance ofasingle 
oligonucleotide band of the correct size indicates the correct oligonucleotides. 
The remaining sample was then aliquot, dehydrated and stored at -20°C. 
The gel composition is shown in the following table: 
“ Acrylamide Bis-acrylamide Urea lOXTBE 
20% with i 4 4 i ^ 42.0g 10 ml 
5% cross-link 
The mixture was brought to 100 ml by deionised water 
The product was diluted with 2 ml of loading buffer and loaded 
into a well of the polyacrylamide gel. The gel was electrophoresed at 200 V 
for 1.5-2 hour. After which, the gel was stained with 0.02% methylene blue in 
water solution for 15 minutes for band localization. The gel was destained by 
washing with several changes ofwater until the bands could be clearly located. 
2.2.5 Reverse transcription ofHAV genomic RNA template and PCR 
In a sterile RNase-free microcentrifuge tube, the H1 primer (0.75 i^M of 
final concentration) was added to HAV RNA sample in a total volume of up to 
15ul in dd HjO. The tube was heated to 70°C for 5 minutes to remove RNA 
secondary structures within the template and the tube was cooled immediately 
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on ice. Two microliter of this mixture was placed in a sterile 0.2 ml thin wall 
microcentrifuge tube contains a master mix of the reverse transcriptase, 
downstream primer, buffer, RNase inhibitor, MgCl. and dNTP (see Table 1.1) to 
a fmal volume of 20 uL This was then incubated at 42°C for 45 minutes, 
resulting in the production of an RNA:cDNA duplex, followed by 99�C for 5 
minutes to inactivate the reverse transcriptase and to remove the inhibitory effect 
of RT to PCR. The cDNA was then used as a template for the thermostable 
DNA dependent DNA polymerase during the amplification process. In the first 
round PCR, 0.5 ul ofthe RT products was used as templates for PCR in reaction 
mix (see Table 1.2). The authorized thermal cycler (GeneAmp™ PCR System 
9600，Perkin Ehner, USA) was used to amplify the cDNA for 30 cycles. For the 
first 3 cycles, the reaction mixtures were heated at 94°C for 30s, 50°C for 30s， 
and 72°C for 30s. In the later 27 cycles, samples were heated at 94°C for 15s， 
50°C for 15s，and 72°C for 20s. After 30 cycles of amplification, the tubes were 
placed at 72�C for 2 minutes for the completion of the extension reaction. 
Nested PCR was preformed using 2 i^l (or 0.5 i^l) of the first round PCR 
product in a fresh microcentrifuge tube containing the second PCR primer set 
(H3 and H4) in reaction buffer to a final volume of 50 ul (see Table 1.3). A 
further 30 cycles were carried out using the same PCR program except that an 
annealing temperature of40°C was used. The reaction was stopped by lowering 
the temperature to 4°C and the samples were stored at 4°C until further 
analysis. 
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2.2.6 Human p-actin gene PCR for the evaluation of shellfish 
homogenates 
To see ifthere is any inhibitional effect from the shellfish homogenate, 
the samples were spiked with human beta-actin DNA. As a control, one tube 
only contained the beta-actin DNA and primer pair. The beta-actin gene was 
amplified in a 50 ^1 reaction mixture containing IX PCR buffer, 1 ^1 each 
primers, 4 i^M dNTPs, 1 unit Taq polymerase, and 1 ^ il beta-actin DNA or 2 i^l 
beta-actin DNA/shellfish homogenate mixture. Each tube was heated in a 
Perkin-Elmer Cetus DNA thermal cycler 9600 at 94°C for 3 minutes and then 
subjected to 35 cycles ofdenaturation at 95®C for 1 minute,annealing at 55°C 
for 1 minute, and extension at 72 °C for 1 minute, with an additional 10 
minutes of extension at 72 °C. A band of 540 base pairs in size in the agarose 
gel electrophoresis represents a positive result, thus indicating an adequate 
sample with no inhibition to PCR. 
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2.2.7 PCR products identification 
2.2.7.1 Agarose gel electrophoresis for the analysis of PCR products 
Five microliter ofPCR product was mixed with 1 ul ofloading buffer. 
The mixture was then loaded onto a 1.5% agarose gel, containing 0.5 mg/ml 
ethidium bromide in TBE buffer. Molecular size marker, (^xl74-HaeIII was 
used for identifying the product size. Electrophoresis was carried out at 100V 
for about one hour. The gels were examined under UV light and photographed 
using Polaroid 667 black and white film or using the Gel Documentation 
System OJVP GDS 8000，UK). 
2.2.7.2 Dot blot hybridization for the confirmation ofPCR products 
Five microliter of the PCR product and 45 ul dd. HjO was heated to 
95°C and chilled on ice, and 1 volume of20X SSC was added. The samples 
were spotted onto the Hybond N+ positively charged nylon membrane 
(Amersham, UK) prewetted with lOXSSC in a commercial dot blotting 
apparatus (Bio-Rad, USA). The membrane was immersed in denaturing 
solution for 5 minutes and transferred to a filter paper already soaked in 
neutralizing solution for 1 minute and blotted dried with filter paper. The 
membrane was allowed to air dry for up to an hour. The membrane was 
wrapped in SaranWrap and the DNA was fixed onto the membrane by placing 
the membrane with the DNA-side down on a 312 nm wavelength 
transilluminator (UVP, UK) for 5 minutes. 
46 
2.2.7.3 Southern blot hybridization for the confirmation ofPCR products 
Capillary blotting is a standard method for subsequent hybridization 
analysis according to Southern, E.M. (1975) (Southern blot) during DNA 
separation. 
After agarose gel electrophoresis, the DNA in the gel was denatured by 
soaking the gel for 30 minutes in a denaturing solution (0.5 M NaOH, 1.5 M 
NaCl) with constant agitation. The gel was rinsed with distilled water and then 
placed in a neutralizing buffer for 15 minutes. This step was repeated again. 
A sheet of positively charged nylon membrane (Hybond-N+, 
Amersham, UK) was placed on top ofthe gel. A 20X SSC blotting buffer was 
used. A stack of dry paper towels were placed on top of the membrane and 
capillary action was used to transfer the DNA from the gel onto the nylon 
membrane. The tranfer was allowed to take place overnight. 
The membrane was then washed in 2XSSC to remove any adhering 
agarose. To assess the efficiency ofDNA transfer, the gel may be stained for 
45 minutes in a solution ofethidium bromide (O-S i^g/ml in 0.1 M Tris-HCl pH 
7.2) and examined by UV illumination. 
The DNA was fixed onto the membrane by exposing the DNA-side 
down on a UV transilluminator for 5 minutes. 
2.2.7.4 5'-End DNA labelling of oligonucleotide probe 
The protocol was followed according to the labeling kit manufacturer 
(GIBCO BRL，USA). Five pmol of Hp oligonucleotide, IX exchange buffer 
(50 mM imidazole-HCl pH 6.4，12 mM MgCl2, 70 uM ADP, 1 mM 2-
47 
mercaptoethanol), 50 uCi [y^^P]-ATP (Amershan, UK), 5U T4 polynucleotide 
kinase were added to a 0.5-ml microcentrifuge tube. The reaction mixture was 
incubated at 37°C for 30 minutes and centrifuged for 10 seconds. The counts 
per minutes (cpm) incorporated may be determined by spotting a 5 ul aliquot 
on a glass fiber filter (Sigma, USA), and placing the filter in 10% TCA + 1% 
pyrophosphate. The filter was washed 3 times with 5% TCA and then 2 times 
with ethanol. The obtained cpm corresponds to pre pmol of labeled 
oligonucleotide ends. To recover the labeled DNA, a microspin column 
(Pharmacia Biotech, USA) can be utilized for rapid separation of labeled DNA 
from free isotope. 
2.2.7.5 Hybridization in sodium chloride/sodium citrate 
The membrane was placed inside a hybridization bottle (Bellco Glass, 
Inc., USA), and 5 ml of pre-hybridization solution was added. The bottle was 
then placed into the hybridization oven (Bellco Glass, Inc., USA). The 
rotisserile should be balanced. The membrane was allowed to prehybridize for 
4 hours at 68°C in the prehybridization solution. 
The hybridization solution was pre-heated to the 42°C. The pre-
hybridization solution was decanted and the ^^P-labeled oligonucleotides 
probe was added to the 5-ml hybridization solution. Care was taken not to add 
the probe directly onto the membrane as this will result in uneven distribution, 
i.e. hot spots. The bottle was gently agitated to ensure an even distribution of 
the probe in the hybridization solution. The bottle was then placed into the 
hybridization oven at 42�C for 24 hours. 
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The hybridization solution was poured off from the bottle and the 
membrane was washed. The bottle was half filled with 6X SSC / 0.5% sodium 
pyrophosphate at room temperature twice for 5 minutes with agitation and 
then for 30 minutes with 6X SSC / 0.5% sodium pyrophosphate prewarmed at 
55�C. 
The membranes were removed from the bottles and allowed to air dry, 
and wrapped in Saran wrap before exposure to an X-ray film (Kodak, USA) 
with an intensifying screen (Okamoto, Japan) at -70�C. The films were 
exposed for 24 hours, before developing with Kodak developer and fixer. 
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Table 1.1 RT reagents master mixture 
“ “ Stock conc. Vol. (ul) Final conc. 
RTbuffer l X ^ T 6 ^X 
(Promega, USA) 
1 < f P 2.5mM ^ l m M 
(Pharmacia, Sweden) 
Reverse transcriptase 200 units/ml ^0 lOunits/ml 
(Promega, USA) 
rRNasin 22uni t s /ml~"""L0 1.1 units/ml 
(Promega^ USA) 




A brief centrifugation by micro-centriflige was performed to deposit the 
sample at the bottom of the microcentrifuge tube. 
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Table 1.2 First round PCR master mix 
Stock conc.""" Vol. (ul) Final conc. 
PCRbuffer ^ 2.5 IX 
(Amersham, UK) 
i ; i ^ 25 mM 2.5 2.5 mM 
(Amersham, UK) 
dNTP 2.5 mM 2.5 2.5 mM 
Taqpolymerase T S d ~ " T U S ~ " 0.025 units/ul 
(Amersham, UK) 
Primer:H2+ lOmM 0.1 0.15uM 
dd.H2O “ 16.275 
Table 1.3 Second round PCR master mix 
Stock conc .” Vol. (ul) Final conc. 
PCRbuffer 1 ^ 2.5 IX 
(Amersham, UK) 
MgCl2 “ 25mM 2.5 2.5mM 
(Amersham, UK) 
dNTP 2.5mM 2.5 2.5mM 
Taqpolymerase 5 units/ul 0.125 0.025 uni t s /u l~ 
(Amersham, UK) 
Primer:H3- lOmM 0.1 0.15uM 
Primer:H2+ lOmM 0 0.15uM 
dd.H2O 一 15.275 
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CHAPTER 3. RESULTS 
3.1 Epidemiology of acute HAV infection in Hong Kong 
The epidemiology of HAV infection was studied using case records of 
patients who were admitted to the Prince of Wales Hospital or attended the 
Accident and Emergency Department of the hospital presenting with acute 
viral hepatitis. Acute HAV infection was diagnosed by the presence of IgM 
anti-HAV in the patients, sera. Monthly incidence of HAV infection was 
recorded and results obtained between the period January, 1987 to May 1998 
are shown in Figure 3.1. A majority ofthe cases of acute HAV infection were 
from the Accident and Emergency Department and only a small proportion 
was admitted to the hospital. Outbreaks of acute HAV infection were 
demonstrated every year in the winter or early spring G^ovember to June) with 
a peak season during March or April. A community-wide outbreak of HAV 
infection occurred in the spring of 1992 in Hong Kong (Lee, 1994) and was 
also observed at the Prince ofWales Hospital. This cyclic appearance ofHAV 





























































































































































































































































































3.2 Synthesis and yields of oligonucleotide primers 
After purification, the synthesized oligonucleotide primers were 
reconstituted in 1 ml double-distilled water (ddH2O). A 1:100 dilution of each 
primer (5ul of primer solution into 495ul of ddH2O) was used for the 
determination of oligonucleotide concentration by measuring absorbance at 
260 nm. 1 OD unit at A260 is equavalent to 33 ug/ml and 333 ug of 26-er 
oligonucleotides is equavalent to 39 nmol. Results of the calculations are 
showed below: 
I H1- H2+ H3- H4+ HP+ — 
Primer length ^ b ^ 26 _ j ^ _ 2 ^ 20 20_ 
^60 J ^ l _ _ _ J Q J _ 32.4 28.7 33.5 
~~viplH r n n K ^ ] ^ 3 9 _ _ _ ^ 3 9 — 162 143 1 6 7 _ 
^ ( u g ) 333 333 1069 947 1105 
The purified and concentrated oligonucleotides were shown to be of a 
single species and ofthe appropriate size as demonstrated by analysis in 15% 
polyacrylamide gel electrophoresis as shown in Figure 3.2. Subsequent 
supplies of these primers were from commercial source (Gibco BRL, USA) 
when this service was made available in Hong Kong. The performance ofthe 
self-prepared primers and those from the commercial source were identical as 
demonstrated by testing identical specimens by RT-PCR as described below. 
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Figure 3.2 polyacrylamide gel electrophoresis analysis of synthesized 
oligonucleotides. From left to right:Hl, H2, H3, H4, Hp oligonucleotides. 
3.3 Development of reverse-transcription polymerase chain reaction 
(RT-PCR) for HAV 
The primer sequences and the basic RT-PCR procedures were adapted 
from LeGuyader et al (1994) with modifications as described in 'Materials and 
Methods'. A single step combining reverse-transcription and PCR in a single 
reaction tube for the first round of PCR was originally adopted for the 
amplification of HAV RNA to reduce the risk of contamination and time 
required for the assay as described for hepatitis C virus (Lin et al, 1992). 
Although this procedure for RT-PCR had been successful for the amplification 
of the 5，non-translated region of the hepatitis C virus RNA, its efficiency for 
amplifying HAV RNA under similar conditions had not been established. 
Application of the combined RT and PCR procedure for HAV RNA using 
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purified HAV as template and primers sets for the first round PCR as 
described above had not been successful. No detectable PCR amplified 
product of the intended size was found after gel electrophoresis (data not 
shown). Therefore an alternative approach using separated steps of RT and 
PCR were employed for HAV RNA as described in the ‘Methods, section. 
To increase assay sensitivity, the 'repeated-PCR' approach had been 
studied in which the amplification products of the first round PCR were 
subjected to a second round of PCR with the same set of oligonucleotide 
primers. A pitfall of 'repeated-PCR' was that the second-round PCR was set 
up in the presence offirst-round PCR amplification products, which increases 
the risks of assay contamination and the further amplification of nonspecific 
background bands as shown in Figure 3.3. Therefore this method was not 
adapted in our final assay system. 
Another attempt to enhance the detection limit of PCR amplicons was 
made. Southern blot hybridization and dot blot hybridization with 
radioisotope-labelled probe was prepared by the same PCR assay using 
standard HAV stock as template with ^^P-dCTP added. Figure 3.4 showed the 
result of this approach. However, this method was not as specific as expected 
and false-positive signals had been recorded. The lane of reagent control 
showed the presence of nonspecific reaction with the PCR-derived probe 
(Figure 3.4). Results were difficult to interpret and this method required 
extensive possessing with specialized equipment (Metcalf et aL, 1995); thus 
may not have a wide application especially in less equipped laboratories. 
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Figure 3.3 Amplification ofHAV RNA by ‘repeated-PCR， 
Lane 1 and 3 were oyster extract only and reagent control 
respectively. Lane 4 show DNA molecular weight marker consisting 
(|)X174 DNA digested with Hae III. Lane 2 demonstrates the 
expected size of the amplicon using purified HAV as template (206 






M ^ ^ ^ ^ — 
Fig. 3.4 Comparison of amplification products analyzed by agarose gel 
electrophoresis (A) and Southern blot hybridization using P 
labelled oligonucleotide probe HP (B). 
Lane 7 show DNA molecolar weight marker, (|)X174 digested 
with Hae III，lane 1 was reagent control, lane 2 to 5 represent the lOX 
serial dilution of HAV stock, lane 6 was seeded oyster extract seeded 
with purified HAV and lane 8 was negative control consisting oyster 
extract only. 
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The final protocol adopted in the study was by using a three step 
method where the RT step was separated from the nested PCR as described in 
Chapter 2: Materials and Methods. The amplification products were analyzed 
by agarose gel electrophoresis and ethidium bromide staining followed by dot-
blot hybridization using ^^ P labelled oligonucleotide probe HP. 
3.4 Sampling of shellfish from different markets in Hong Kong 
The ten sampling sites during the winter season covered most urban 
areas ofHong Kong and newly developed satellite towns. Only three ofthese 
sites were sampled during the summer season due to the limited availability of 
shellfish at that time (see Chapter 2: Materials and Methods). Figure 3.5 
showed the conditions where these shellfish were kept and made available for 
— purchase in the markets around Hong Kong. All specimens collected were 
alive at the time ofprocessing. The shellfish were cleaned and de-shelled and 
the meaty parts removed for further processing. The only exceptions were the 
oysters which were sold without shells and were kept in ice water during 
display. 
In order to enhance the sensitivity of detection and to eliminate 
excessive contamination of the samples by the meaty part of the oysters and 
mussels, the digestive diverticulum of each of the oysters and mussels was 
dissected out and processed for RT-PCR separately. However the clam 
samples were processed whole due to their small size. The mean weight of 
oyster samples was 17.46 g and the mean weight of the dissected digestive 
diverticula was 7.73 g for the samples collected during winter. For the mussels 
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collected, the mean weight was 8.47g and the mean weight of the digestive 
diverticula was 3.46 g for samples collected during winter season; and were 
7 59 g and 2.95 g for those collected in the summer respectively. The average 




^ ^ ^ ^ ^ 
I^^^^^^^J^^^^Bft^^^y 
^ ^ ^ ^ ^ ¾ 
Figure 3.5 Shellfish storage in sampled markets 
The live shellfish were kept in tanks but the source ofwater was 
unknown. Oysters were sold de-shelled and kept in ice cold water. 
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3.5 Quantitation of HAV RNA in stock virus preparations 
RNA from 100 ul HAV stock was extracted by the spin cartridge 
TM 
method. The quantity oftotal RNA obtained was determined by GeneQuant 
RNAy'DNA calculator (Pharmacia Biotech, Sweden). Portion of the RNA 
preparation (40 ul) was diluted with 460 ul of DEPC-treated water and A260 
was measured. The concentration of HAV RNA in the stock solution was 
calculated to be 40 ug/ml which is equivalent to 9.45xl0^' HAV copies per ml. 
3.6 Comparison of RNA extraction methods and the detection limit of 
the established RT-PCR method for HAV 
The comparison of the three extraction methods for HAV RNA in 
oyster meat homogenates which were seeded with dilution ofthe stock HAV 
showed that the virion-capture method was the most sensitive as summarized 
— in Table 3.1 and shown in Figure 3.6. 
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Virus dilution ” H A V R N A “ ~ ~ A d d ^ ~ ~ ^ ~ " " V i r i o n ~ 
copies/ml Phenol Cartridge capture 
undiluted 9.45xlQi2 + _ + i 
10] 9.45x10" + i + 
10-2 9.45xlQio + j _ 1 
10-3 9.45 X 109 + i + 
10^ 9.45 X 108 + i + 
10.5 9.45 X 10? + i + 
10. 6 9.45 X 10^  + 1 + 
10.7 9 . 4 5 X 105 ： t + 
10-8 9 .45x10: ： t + 
10_9 9.45 X 103 ： 1 + 
10 2 I 
10 9.45 X 10 ^^ _^_^  ,_«—i—~—~—— .-_———.—ii— 
10_" 9 . 4 5 X 10^ - - -
Table 3.1. Comparison ofdifferent methods for RNA extraction in the RT-PCR 
for the detection of HAV RNA using oyster meat homogenates 
seeded with dilutions ofHAV stock virus preparation. Specimens 
were considered positive by RT-PCR (+) for HAV RNA if 




^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^H 
^^^mim^i 
(B) 
^^^ ^^^ ^^^ ^^^ |^ 
(C) 
^ H 
Figure 3.6. Comparison of HAV RNA extraction methods. Agarose gel 
electrophoresis analysis of HAV-specific RT-PCR products 
from dilutions of total RNA extracted from seeded oyster meat 
homogenates. Total RNA were extracted by (A) acid-phenol 
method; (B) spin-column method and (C) virion-capture 
method. DNA were stained by ethidium bromide. From left to 
right:(^X174 Hae III marker, undiluted HAV, 10X serial dilution 
ofHAV and negative control. 
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While it is possible for the acid-phenol and spin cartridge methods to 
produce a positive result after PCR for HAV stock solution at 10"' and 10'' 
dilution respectively (i.e. 9.46 x 106 and 9.46 x 103 copies/ml) the virion 
capture method was able to extend the detection limit to 10" '^ corresponding to 
a detection limit of 9.46 x 10^  HAV RNA copies per ml. The virion capture 
method was at least ten times more sensitive than spin cartridge method and 
10,000 times more sensitive than the acid-phenol method. 
3.7 Specificity of the RT-PCR in combination with virion capture 
method for the detection ofHAV 
The specificity ofthe RT-PCR in combination with monoclonal-based 
virion capture method was examined by using samples containing oyster 
homogenate and (1) Salmonella Typhimurium, (2) Salmonella enteritidis, (3) 
Shigellaflexneri, (4) Vibrio parahaemolyticus, {5) Vibro vulnificus, (6) E. coli 
(ATCC 10418) (7) stool sample containing group A human rotavirus as 
determined by commercially available enzyme-linked immunosorbent assay 
(Rotazyme, Abbott Laboratories, Abbott Park, USA); (8) stool sample 
containing Norwalk virus as determined by routine negative staining electron 
microscopy; (9) stool sample containing untyped enterovirus particles as 
determined by routine cell culture isolation and electron microscopy; and (10) 
cell culture passaged vaccine strains of poliovirus type 1，2 and 3. The RT-
PCR method was shown to be highly specific to HAV. All the other samples 
remained negative as shown in Figure 3.7. 
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1353 bp 1353 bp 







Fig 3.7 Agarose gel electrophoresis ofRT-PCR products using control 
specimens as substrates in the virion capture method. 
M : phiX174 HaeEI marker, Lane 1 : poliovirus 1，Lane 2 : poliovirus 2, Lane 3 : 
poliovirus 3，Lane 4 : rotavirus. Lane 5 : Norwalk virus. Lane 6 : enterovirus, 
Lane 7 : hepatitis A virus. Lane 8 : Salmonella Typhimimum, Lane 9 : 
Salmonella enteritidis, Lane 10 : Shigella flexnei 6, Lane 11 : Vibro 
parahaemolytices, Lane 12 : Vibro vulnificus. Lane 13 : E. coli (ATCC 10418), 
Lane 14 : negative control (oyster extract only). 
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3.8 Detection of HAV RNA by RT-PCR in shellfish samples in Hong 
Kong 
The results for the detection of HAV in each oyster, mussels, and 
clams which were collected in winter are listed in Table 3.2, 3.3, and 3.4. 
From the results, it can be seen that out of a total of 50 oyster samples, 
18% were shown to be PCR positive for the meaty part and 48% were PCR 
positive for the dissected digestive diverticulum (DD). Similarly, from a total 
of 65 mussel samples, 18.5% were PCR positive for the meaty part and 26.2% 
were positive for the DD. 
Within the oyster samples collected, nine were PCR positive for both 
the meaty and DD parts, 15 were positive only in the DD and none were 
positive for the meaty party only. Ten out of 65 mussel samples were PCR 
positive for both meaty and DD parts, 7 samples were shown to be PCR 
positive in the DD only and 2 samples produced PCR positive results in the 
meaty party only. 
The summarized results for the detection ofHAV in shellfish samples 
obtained from the ten sites during winter are listed in Table 3.5. Samples were 
considered positive for HAV if either the meaty portion or the dissected 
digestive diverticulum was positive for the RT-PCR spedfic for HAV as 
confirmed by dot-blot hybridization with ^^ P labeled oligonucleotide probe 
HP. Twelve percent of the clams, 30% of the mussels and 48% ofthe oysters 
collected from the ten sites during the winter season were found to contain 
HAV. Dissecting the digestion system of shellfish proved to be an 
enhancement procedure for the detection of HAV since most of the positive 
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samples, except one from Shatin area, were from the dissected digestive 
diverticulum tissues. 
All RNA samples were assayed for non-specific inhibitors for RT-PCR 
by the addition of beta-actin DNA and primer pairs specific for human beta-
actin in a parallel PCR reaction. All negative samples did not shown inhibitory 
effect. Results were demonstrated in Appendix I，Figures I.1. to Figure I.23. 
68 
I I I HAV VP1 amplification 
“ Weight ofoyster (g) Meats D.D. 
~ ^ L o c a t i o n ~ Sample No Total D.D. |Ratio ofD.D| Gel analysis Dotblot Gel analysis Dotblot 
ApLeiChau ~ 0 ^ ~ 1 5 . 2 3 ~ 6.92 0.45 一 N N P P 
ApLeiChau 0 - 2 18.54 — 8.64 0.47 P P P P — 
ApLeiChau 0 - 3 19.58~~ 8.09 0.41 N N N N 
ApLeiChau 0 - 4 20 .64~~ 9.67 一 0.47 N — N N N 
ApLeiChau 0 - 5 — 17.98 8.99 — 0.50 P ~ ~ P P P 
Kwun Tong 0 - 6 \6.5J~~ 8.03 0.49 P — P P P 
Kwun Tong 0 - 7 24 .99~~ 10.56 0.42 — N ~ ~ N N N 
Kwun Tong 0 - 8 ~ ~ 13.62 ~ 6.37 0.47 N N P P ~ 
Kwun Tong 0 - 9 15.78 7.50 — 0.48 N N N N 
KwunTong 0-10~~ 17.11 8.12 “ 0.47 N N P P 
Central 0-11 18.21 7.83 0.43 — N N “ N N 
Central 0 - 1 2 15.33 — 7.25 “ 0.47 N N N N ~ 
Central 0 -13 17.68~~ 8.09 0.46 — N N “ N N 
Central 0 - 1 4 17.92 — 7.54 0.42 N N P P 
Central 0 -15 20 .67~" 10 .85~~ 0.52 — N N “ N N 
Shum Shui Po 0 - 1 6 14.23 — 6 . 8 1 0.48 N N — P P 
Shum S h u [ ^ 0 - 1 7 15.05 7.67 “ 0.51 N N N N 
Shum Shui Po 0 - 1 8 21.18 10.08 “ 0.48 P P P P ~ 
Shum Shui Po 0 - 1 9 22.55 — 10.21 “ 0.45 N N P P 
Shum Shui Po 0 - 2 0 15.05 — 6.84 “ 0.45 N N N N — 
Hung Hom 0-21 11 .0 l~~ 5.24 0.48 N 一 N N N 
HungHom 0 - 2 2 13.24~~ 6.06 — 0.46 N N — P P 
Hung Hom 0-23 14.17~" 6.82 — 0.48 P P 一 P “ P 
Hung Hom 0 - 2 4 15.65 6.41 0.41 N N N N “ 
―― HungHom 0-25 10.23 4 . 9 7 ~ 0.49 N 一 N P P 一 
Lei Yue Mun 0 - 2 6 21.03 — 9.32 0.44 N N N N 
LeiYueMun 0 - 2 7 19.85 8.03 0.40 N N “ N “ N 
Lei Yue Mun 0 - 2 8 17 .9 l~~ 7.52 一 0.42 N N N “ N 
Lei Yue Mun 0 - 2 9 18.56 7.64 一 0.41 P P P “ P 
Lei Yue Mun Q-30 16.09 7.33 — 0.46 N — N — N “ N 
SaiWanHo 0-31 17.54 7.58 一 0.43 N 一 N P — P 
SaiWanHo 0 - 3 2 19.08 8.16 一 0.43 N N N 一 N 
SaiWanHo 0 -33 1 7 . 9 6 ~ 6.54 0.36 N — N N “ N 
Sai Wan Ho 0 - 3 4 20.54 9.57 0.47 — N — N P “ P 
SaiWanHo 0-35 19.60 8.12 0.41 — N — N N “ N 
Tai Koo 0 -36 20.33 1 0 . 0 1一 0.49 N — N P “ P 
Tai Koo — 0 - 3 7 18.47 9.41 0.51 N N N — N 
Tai Koo 0 -38 16.56 — 6.22 0.38 一 N N P P 
" f a I Koo 0 - 3 9 17.83~~ 7.56 一 0.42 P P P P 
Tai Koo 0 -40 19.09 8.15 0.43 N — N N N 
~ ^ n g Kok — 0 - 4 1 15.23 6.31 0.41 N N N 一 N 
~ ^ n g Kok 0 - 4 2 ~ ~ [ 6 . 3 4 7.11 0.44 N N N N 
' i ^ g Kok 0 -43 17.80 6.59 — 0.37 ~ ~ N N P ~ ~ P ~ " 
Mong Kok — 0 - 4 4 16.97 7.07 0.42 N N P 一 P 
~ f ^ n g Kok 0-45 ~ ~ f 9 . 1 2 8.23 0.43 N — N N 一 N 
""Shatin “ 0 -46 15.86 — 6.35 0.40 N “ N N N 
Shatin ‘ 0 -47 — 16.09 — 6.20 0.39 P P p P 
l h a t i n 0-48 18.94 7.23 0.38 N “ “ N P P~" 
S h ^ n “ 0 -49 16.29 7.14 0.44 N N P p “ “ 
Shatin 0 -50 ~~T7 .48 7 68 0 44 P P P ~| P 
Table 3.2. Dctcction ofhepatitis A virus in oyster collected during winter 
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I j 丨 HAV VP1 amplification 
I Weight of mussels (g) Meats | D.D. 
~ ~ L o c a t i o n ~ Sample No. j Total j D.D. | a t i o ; f D . el analysis| Dotbloir~Gel analysi I Dotblot 
Ap Lei Chau' M-1 “ ~ 5 ^ 6 2.14 0 . 3 8 ~ N N “ N N 
Ap Lei Chau M-2 8.36 3.05 0.36 N — N N N 
Ap Lei Chau M-3 — ~ ~ ~ T T 5 ~ ~ 2.03 0.40 N N N N 
Ap Lei Chau M-4 ~~ 6.42 2.87 0.45 N N N N 
Ap Lei Chau M-5 ~ ~ ~ ~ S m ~ ~ 3.68 0.41 N N N N “ 
Kwun Tong 一 M-6 5.49 2 ^ 0.53 一 N N — N N 
Kwun Tong ~ ~ M-7 4.14 ~ T 9 8 0.48 ~ ~ N N — N “ N 
Kwun Tong M-8 — 14.80 6 . ^ 0.44 N N — N N 
Kwun Tong M-9 — 5.86 " T s T " 0.43 N N — N “ N 
Kwun Tong M-10 9.11 4.08 _ 0.45 P ~ P ~ ~ P P 
~ ~ A n t r a l M-11 6.35 3.10 " 0.49 N N — P P 
Central M-12 8.54 ~ T ^ 0.42 N N ~ N “ N 
~ " A n t r a l M-13 9.23 3.57 0.39 N N 一 P P 
~ ~ A n t r a l M-14 6.78 2.41 0.36 P — P — N N 
Central M-15 — 8.22 3.14 0.38 — N — N — N N 
ShumShuiPo — M-16 6.36 2.68 0.42 — N N N N 
ShumShuiPo M-17 —— 8.54 3.27 0.38 N — N “ N N 
ShumShuiPo M-18 — 9.60 3.66 0.38 P — P P P 
"ShumShui Po M-19 7.08 2.52 0.36 N N N N 
ShumShuiPo M-20 ~~~6.89 2.32 — 0.34 N ~ N — N N 
HungHom 一M-21 9.12 ~ T 0 8 ~ 0.45 — N N “ N N 
Hung Hom M-22 8.58 3.57 — 0.42 N ~ N N N 
Hung Hom — M-23 — 9.23 ~ T ^ 0.46 P P P P 
"HungHom M-24 6.45 2.50 0.39 N N — N N 
~ H ^ g H o m M-25 8.41 3.28 — 0.39 N — N — P P 
LeiYueMun M-26 — 13.92 6.41 0.46 一 P P “ P P 
Lei Yue Mun M-27 ~ ~ H . 2 5 6.37 0.45 “ N 一 P P P 
LciYueMun M-28 9.87 ~ T J r ~ 0.42 N N “ N 一 N 
T ^ Y u e Mun — M-29 — 9.05 " T o T " 0.45 N — N 一 N N 
Lei Yue Mun — M-30 ~ 11.65 ~ T ^ 0.48 — N N “ N N 
Sai Wan Ho M-31 7.25 2 .79 一0.38 P P P P 一 
Sai Wan Ho M-32 10.35 3.84 0.37 “ N N N N 
" S ^ W a n Ho — M - 3 3 8.56 2.66 0.31 — N N “ P P 
~ ^ W a n Ho M-34 11.06 " T s i 0.43 — N N N N 
~ ^ W a n Ho M-35 10.87 ~ ~ 0 ^ 0.40 N N “ N N 
~"^fai Koo M-36 一 8.25 ~ T l 2 0.38 P — P P P 
~"Tai Koo M-37 — 9.64 3 . ^ 0.34 N N N N 
~ ~ f a i Koo 一 M-38 ―一 7.58 2 . 5 ^ 0.34 一 N — N N N 
~~T^i Koo M-39 ~ " " ^ ~ 2.08 一 0.33 N N ~ ~ N N 
—~Tai Koo M-40 — 8.59 3.67 0.43 — N — N N N 
“Mong Kok M-41 — 9.45 3.88 — 0.41 N ~ ~ N N N 
~i^ong Kok M-42 8.36 ~ T ^ 0.39 — N N “ N N 
‘ M o n g Kok 一 M-43 ~ 10.20 " T T ^ 0.41 N N “ N N 
‘ M o n g Kok M-44 8.29 ~ T 3 3 ~ 0.40 N N N N 
~Mong Kok ~ M-45 6.35 2.19 0.34 P P P P 
‘ S h a t i n — M-46 8.98 3.54 0.39 N N N N 
_ Shatin M-47 9.47 ~ 4.00 0.42 N N N N 
-—Shatin M-48 7.58 2.96 ~ ~ 0 . 3 9 N N P P — 
Shatin “ M-49 ~ 6.05 — 2.58 — 0.43 P — P N N 
Shatin M-50 8.56 3.69 0.43 N N N N 




Location Sample No . | W e i g h t o f c l a m s H A V VP1 amplifcation 
Ap Lei Chau ^ 1 ^ N 
Ap Lei Chau C-2 1.46 — N 
Ap Lei Chau C-3 1.25 N 
Ap Lei Chau — C-4 1.35 N 
Ap Lei Chau — C-5 1.56 N 
Kwun Tong ~ C-6 1.24 N 
Kwun Tong C-7 — 1.41 P 
Kwun Tong C-8 1.28 — N 
Kwun Tong C-9 1.10 N 
Kwun T o n g ~ C-10 1.36 P — 
Central C-11 1.21 N 
Central C-12 1.65 — N 
Central C-13 1.89 “ N 
Central C-14 1.23 — P 
Central C-15 1.09 — N 
Shum Shui Po C-16 1.47 N 
Shum Shui Po C-17 — 1.28 P 
Shum Shui Po C-18 1.39 N ~ ~ 
Shum Shui Po C-19 1.54 N 
Shum Shui Po C-20 1.19 — N 
H u n g H o m C-21 — 1.65 — N 
H u n g H o m C-22 1.54 N — 
H u n g H o m C-23 1.23 N — 
Hung H o m C-24 — 1.04 — N 
Hung H o n i ~ C-25 1.57 N 
Lei Yue Mun C-26 1.29 ― 一 N 
Lei Yue Mun C-27 1.45 N — 
Lei Yue Mun C-28 1.53 N — 
Lei Yue Mun C-29 1.42 — N 
Lei Yue Mun 一 C-30 1.54 P — 
Sai Wan Ho C-31 1.02 N 一 
Sai Wan Ho C-32 — 1.55 — N * 
Sai Wan Ho — C-33 1.30 N — 
Sai Wan Ho C-34 — 1.14 _ N 
Sai Wan Ho — C-35 1.52 N — 
T a i K o o C-36 1.23 — N 
T a i K o o — C-37 1.35 — N 
T a i K o o C-38 1.16 — N 
~~~^f^iKoo C-39 — 1.21 P 
— T a i K o o C-40 — 1.34 _ N * 
- M o n g Kok 一 C-41 1.24 N — 
一 "Mong Kok C-42 1.38 N 
" ~ W n g Kok — C-43 1.20 N 
—^"^Mong Kok C-44 1.24 — N 
— I s ^ g K o k C-45 1.25 P 一 
: S h I t i n C-46 一 1.36 “ N 
Shatin — C-47 — 1.55 N 
- Y h a t i n ~ C-48 1.21 N 
— • i n C-49 — 1.58 N 
ShatIn C ^ 0 r ~ ~ 1 . 6 4 N 
TabIc 3.4. Detection ofhcpatitis A virus in cIams collected during winter 
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Number positive/total number of specimens (% positive) 
~~• Oyster ~"~Oyster""" Mussels Mussels 
Clams (meats) (DD) (meats) _ 
ApLeiChau ^ ^ g _ _ _ ^ { l ^ J ^ l M _ ^ ^ ^ ! ！ 
KwunTong ^^T^TIHT" l/5Q0) 3/5 (60) 1/5 (20) 1/5 (20) 
" S i i T 7 T 7 9 ^ J V 5 1/5 (20) 1/5 (20) 2/5 (40) 
ShumShui T T S W ~ " J ^ 5 W " 3/5 (60) 1/5 (20) 1/5 (20) 
Po — 
l t o ^ 075 0 7 5 " ~ 3 / 5 d _ J ^ l g g L _ ^ j ^ L _ 
T S I i ^ ; i i l ^ Z ^ ^ Z I E S I - l ^ l i ^ > ^ ^ ^ ^ ^ " ^ ^ 
S a i W a n H o ~ ~ o T s 至 2 / 5 ( 4 0 ) l / 5 j 2 0 } _ _ _ _ 2 / 5 ( 4 0 
" T i n ^ rTTgO^ V S W 3/5 (60) V5_m___1/5 (20) 
^ ^ 1 7 ¾ ~ " " 0 7 5 ~ " - ^ 7 5 7 4 0 T l j 5 m _ 2/5(40) 
^ ^ ; ^ : ; ^ ^ ^ ^ : ; ^ 2/5 (40) 2/5 (20) 1/5 (20) l / 5 " W ^ 
TOTAL % ic/，A� /� 
POSITIVE 7/50 (14%) 23 (46%) 15(30/o) 
1 tissue = meaty part remaining after the digestive diverticulum is removed 
2 DD = digestive diverticulum 
Table 3.5. Summary results on the detection of HAV by RT-PCR in 
shellfish coUected in winter 
During the summer season, only mussel and clam samples were 
collected from three sites. Oysters were generally not available in those 
markets under study and not all the sampled sites had mussels and clams for 
sale. The results for the detection of HAV in mussels and clams which were 
collected in the summer season are listed in Table 3.6 and 3.7. The 
summarized results for the detection ofHAV in the three sites during summer 
are listed in Table 3.8. In clam and mussel specimens collected in the summer, 
none of the clams were found to contain HAV where 26.6% of the mussels 
were shown to contain HAV. 
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i I I HAV VP1 amplifcation 
Weight of mussels (g) Meats D.D. 
Location Sample No. Total D.D. Ratio ofD.D. Gel analysis Dotblot Gel analysis Dotblot 
Ap Lei Chau M-51 ‘ 6.32 “ 2.15 0.34 ~ " N ~ N ~ N 一 N 
Ap Lei Chau “ M-52 5.46 “ 2.09 0.38 N N N — N 
~~Ap Lci Chau M-53 — 7.25 ~ T 3 7 0.33 N N “ N N 
Ap Lei Chau “ M-54 “ 5.89 “ 2.08 0.35 N N ~ " N ~ ~ N 
~Ap Lei Chau — M-55 ~ 8.68 3 . � 0.41 P — P P ~ P 
Kwun Tong “ M-56 8.94 “ 3.61 0.40 N N ~ " N ~ ~ N 
"Kwun Tong M-57 7.58 3.12 0.41 N N “ N — N 
Kwun Tong M-58 — 9.12 “ 3.88 0.43 N N N N _ 
Kwun Tong “ M-59 “ 7.89 “ 3.16 0.40 N ~ ~ N ~ ~ P ~ ~ P 
"KwunTong M-60 — 9.55 ~ T ^ 0.41 N N “ N N 
— S h a t i n M-61 — 7.23 "Y.56 0.35 N N “ N N 
— S h a t i n “ M-62 6.80 2.11 0.31 P P P P 
— S h a t i n — M-63 8.38 3.40 0.41 N 一 N N — N 
— S h a t i n — M-64 7.63 ~ T 2 9 0.43 N — N N — N 
— S h a t i n M-65 7.09 2.96 0.42 P P P P 
TABLE 3.6. Detection of hepatitis A virus in mussels collected during 
summer 
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� L o c a t i o n SampleNo. Weightofclams(g) I HAV VP1 amplifcation 
Ap Lei Chau C-51 1.02 N 
" " A ^ L d C h ^ " C-52 1.23 ^ 
" ^ L e i Chau C-53 [ ^ J ^ 
"Xp Lei Chau C-54 — L?? — 
" A j ^ e i Chau “ C-55 1 ^ ^^  
Kwun Tong C-56 “ " 8 ^ 
KwunTong “ C-57 1.33 ^ 
KwunTong C-58 M ? 
KwunTong C-59 L ^ ^ 
KwunTong C-60 — ^-^6 ^ 
" " " S i " ~ C-61 1-00 — N 
" ^ S h ^ ~ ~ C-62 l _ ^ ^^  
~ ~ S i ~ ~ C-63 l J 9 N 
~ " ^ ^ " " ~ L27 N — — — — 
Shatin C-65 1.30 T ^ 
TABLE 3.7. Detection ofhepatitis A virus in clams collected during 
summer 
Number positive/total number of specimens (% positive) 
a ^ s Mussels (tissue') Mussels (DDQ 一 
ApLeiChau — ^ _ _ Z I Z S Z I _ j ^ i g _ Z I 
K : T o n g _ ^ g^ ^ ^ ¾ ¾ 
Shatin 075 ^ _ 2/5 (40) 
TOTAL % POSITIVE 0/15 4/15 (26.6%) _ 
‘tissue = meaty part remaining after the digestive diverticulum is removed 
2 DD = digestive diverticulum 
Table 3.8. Summary results on the detection of HAV by RT-PCR in 
shellfish collected in summer 
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Agarose gel electrophoresis of RT-PCR products for all oysters, 
mussels and clam samples collected in the winter and summer aj:e shown in 
Appendix I，Figures I.1. to Figure 1.23. Results for the confirmation of RT-
PCR products using dot-blot hybridization assay with ^^ P labelled 
oligonucleotides probe Hp are shown in Appendix II, Figures II.1 to II.4. 
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CHAPTER 4. DISCUSSION 
The main objectives of the present study a r e : � to study the seasonal 
distribution ofacute HAV infection in Hong Kong; (2) to develop a sensitive 
nucleic acid amplification method (RT-PCR) for the detection of hepatitis A 
virus in shellfish samples; (3) to evaluate different methods for the extraction 
of viral RNA to be used in the RT-PCR; and (4) to conduct a survey of HAV 
contamination in locally available shellfish. 
4.1. Epidemiology of acute HAV infection in Hong Kong 
Based on the availability of data on seroepidemiology and incidence of 
HAV infections around the world, the epidemiology in different region can be 
classified into areas of high, intermediate and low endemicity for HAV 
infection. The developed countries with low incidence of HAV infection and 
low percentage of s e r o p o s i t i v e populations are classified as areas of low 
endemicity. The high incidence of HAV infection in developing countries 
especially in the tropics, where crowd living conditions and poor hygienic 
standards favour the spread ofHAV, are classified as high endemicity areas for 
HAV. Exposure ofthe virus is almost universal in the early years ofchildhood 
where asymptomatic infection is the majority. Overt disease as a result of HAV 
infection rarely occurs leading to an apparent low incidence of hepatitis 
especially in young adults when clinical hepatitis usually appears. However in 
some of these areas, particularly where the standards of living and hygienic 
conditions have improved rapidly, the level ofexposure to HAV drops and the 
average age at which infection occurs shifts into young adulthood where they are 
more likely to cause overt disease leading to increases in HAV hepatitis 
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morbidity. These areas are classified as intermediate endemicity and are usually 
surrounded by areas of high endemicity. 
Hong Kong is situated in an area ofhigh endemicity for HAV infection. 
The incidence of acute HAV infection and the percentage of seropositive 
population in Hong Kong showed that the city is also an area of intermediate 
endemicity. However, great improvement in living standard and hygienic 
conditions had occurred in the last few decades. The percentage of seropositive 
young adults had decreased as demonstrated in a recent study (Chin et al. 1991) 
leading to an increase in acute HAV infection presenting with acute hepatitis. 
The epidemiology of HAV infection in Hong Kong showed a seasonal 
pattem where annual community-wide outbreaks ofHAV infection occurs in the 
winter/spring season. Such epidemiological feature is unique since no seasonal 
prevalence ofHAV infection during winter period has b e e n reported in other 
part ofthe world. In most tropical countries, HAV infection usually occurs in 
outbreak situations and usually occur during the summer or rainy seasons 
^loward and Zuckerman, 1990; Singh et al, 1997). One possible explanation is 
that people ofHong Kong consume under-cooked shellfish during this period in 
the form of ,hot-pots, where raw seafood are served and cooked in hot broth on 
the table. Such cooking method may not be adequate to inactivate HAV in the 
shellfish served. One way to confirm this suggestion is to examine the level of 
HAV contamination in shellfish harvested or imported during this time. To 
control such annual outbreaks of HAV infection, the source of infection of HAV 
must be identified. Results presented in the present thesis confirmed the 
presence of HAV in high proportions of oyster, mussel and clam samples 
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available during the winter season in Hong Kong (discussed below) and 
provided evidence that ingestion ofundercooked shellfish especially during ‘hot-
pot, meals is ofhigh risk in contracting HAV infection. The public should be 
aware ofthe possible risks ofHAV infection associated with consuming under-
cooked shellfish and the proper cooking procedures must be used to avoid 
infection. 
4.2. Development ofRT-PCR method for the detection ofHAV 
Using purified, cell culture propagated HAV, a RT-PCR method was 
established using oligonucleotide primers targeting a conserved region ofthe 
HAV genome located on the VP1 gene of the capsid protein of the virus. 
Various modification ofthe RT-PCR procedures had been examined and the 
final adapted method included separated steps for RT followed by a nested 
— P C R approach and a dot blot hybridization assay using oligonucleotide probe 
specific for the second round PCR product. 
In the present study, no amplified products were observed when 
poliovirus type 1，2，3，rotavirus, Norwalk virus, other enteroviruses, hepatitis 
C virus, HBV DNA were tested, confirming the specificity of the assay. Such 
controls are necessary for demonstrating the specificity ofthe RT-PCR assay. 
In addition, the specificity ofthe nucleotide sequence of the primer sets and 
oligonucleotide probe used in the Southern blot and dot-blot hybridization 
were compared with DNA sequence database (Genbank^) which showed a 
100% homology with HAV only. 
43. Evaluation of RNA extraction methods for the detection of HAV in 
shellfish sample by RT-PCR 
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By mixing HAV stock preparations with homogenized oyster tissue 
and the established RT-PCR, the methods commonly used for the extraction of 
viral RNA were evaluated for their efficiency in extracting viral RNA from 
oyster tissues. These methods included the traditional acid-phenol extraction 
method, spin cartridge method and monoclonal antibody based solid-phase 
virion capture followed by RNA extraction with the spin cartridge method. 
Results (Table 3.1 and Figure 3.6) showed that the virion capture method was 
at least 10 times more sensitive than spin cartridge alone and 10,000 times 
more sensitive than acid-phenol for the extraction of viral RNA in the RT-
PCR assay. The detection limit ofthe virion capture and RT-PCR method was 
calculated to be 9.45 x 10^  copies of viral genome in HAV seeded oyster 
preparations. 
4 4. A p p l i c a t i o n of the established RT-PCR method for the detection of 
HAV contamination in locally available shellfish 
Application of the developed RT-PCR method for the detection of 
HAV contamination in locally available shellfish showed that HAV was 
readily detected in oysters, mussels and clam samples obtained from common 
food market around Hong Kong. The percentage of samples positive for HAV 
ranged from 46% in oysters, 30% of the mussels to 12o/o of clams collected 
during the winter season and in 26.6% of the mussels and none of the clams 
collected during the winter season. 
Enteric viruses have been associated with many outbreaks ofwaterbome 
nonbacterial gastroenteritis (Richards et al., 1985; Wanke and Guerrant, 1987) 
and hepatitis, and are of important public health concern. It has been reported 
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that at least 37 different human viruses have been isolated from drinking water 
all around the world (Tsai et a/.,1994). The traditional detection of viruses in 
water, especially for the purpose of monitoring sewage treatment and human 
viral pathogens removal efficiency, is done by labour-intensive cell culture 
methods (American Public Health Association, 1992). The inadequacies with 
cell culture method in environmental monitoring are well known. Factors 
including the lack of susceptible cell lines for many important waterbome 
viruses (such as NorwaUc virus), the presence of cytotoxic contaminants and 
problems in detecting low virus numbers, are the typical situation in 
environmental water or shellfish samples. In addition, the lack of sensitivity and 
length oftime required for culture and identification (up to 6 weeks) limited the 
use ofcell culture in monitoring viral contamination of water and shellfish. 
r 
Various approaches have been developed in the last few years for the 
application ofthe PCR technique in viral diagnostic tests and medical analysis. 
In the case of HAV, the use of RT-PCR allows the detection of viral nucleic 
• 
acid within a few hours, whereas the detection ofvirus by animal inoculation 
(Cohen, Feinstone and Purcell, 1989) or cell culture cultivation (Flehmig， 
1981) requires two weeks or up to twenty weeks of incubation time 
respectively. Therefore, RT-PCR is a logical alternative technique for the 
virological analysis of samples in which the virus occurs in very small 
amounts and a rapid detection of the virus is required. RT-PCR can also 
circumvent the problem of lack of susceptible cell line for virus isolation. 
The limit ofdetection for HAV RNA in the establish RT-PCR method 
was found to be 9.45 x 10' copies/ml. Compared to other virus concentration 
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and RNA extraction methods such as adsorption-elution-precipitation, elution-
precipitation, and filtration hydro-extraction (Sobsey, 1984; Atmar, et al., 
1995) which separated or extracted viruses from shellfish meats and produced 
concentrated samples which are relatively non-toxic to cell cultures, virion 
capture method appeared to be easier, convenient and requires shorter handling 
time. In addition, in considering the availability and cost of facilities， 
equipment and materials, our results demonstrated that virion capture followed 
by RT-PCR method offers a very sensitive and useful tool for the detection of 
HAV in shellfish. Using organic flocculation and polyethylene glycol 
precipitation to extract and concentrate enteric viruses from oyster tissue，the 
detection limit was as few as 10 PFU ofpoliovirus for RT-PCR (Atmar et aL， 
1993)，down to 1 PFU O^ees, Henshilwood and Dore, 1994)，or 10^  HAV 
• 
‘ infectious particIes in 20 g samples by the dot blot hybridization method 
(Zhou et al, 1991) and 2 x 10^  PFU HAV for dot blot and RT-PCR on a 
primary influent sewage concentrated by ultrafiltration (Tsai et al, 1994). 
However the results on the sensitivity of detection of these studies are not 
comparable to our assay since cell culture isolation procedure were used and 
detection limits were determined on cell culture adapted viruses. The 
development of our assay was aimed at the rapid detection of wild type HAV 
viruses in shellfish and the difficulties ofpropagating wild type HAV virus are 
well known. 
The presence of inhibitory substances for PCR in environmental 
samples or shellfish, such as polysaccharides and heavy metal ions had been a 
major obstacle in applying this technique in environmental or food monitoring. 
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Therefore the treatment of environmental samples prior to PCR with 
cetyltriammonium bromide (CTAB) (Zhou et «/.,1991 and Atmar et al., 1995)， 
or acid-alcohol polymer (Pro-cipitate) (Jaykus et aL, 1993) had been used 
successfully in eliminating inhibitory substances. Other devices such as spin 
column, or vortex flow filtration steps have also been used (Tsai et d，1993; 
Paul, Jiang and Rose, 1991). 
In order to circumvent the presence of inhibitory substances, the 
method of virion capture prior to PCR (Graff, Ticehurst and Flehmig, 1993; 
Normann et aL, 1992; Normann, Graff and Flehmig, 1994) was adapted and 
modified for the detection of HAV in shellfish in the present study. The 
method is based on the capture of intact virus particles from a sample by 
binding to an HAV-specific monoclonal antibody on a solid-phase. 
« 
Contaminating substances were removed by repeated washing of the virus 
bounded solid phase. This method has the advantage of removing nonspecific 
and competing RNA species and eliminating inhibitory substances from 
environmental or shellfish samples in the reverse transcription and PCR steps. 
Alternative capture methods had also been developed. These included the 
application ofbiotinylated virus-specific oligonucleotide bounded to magnetic 
bead to capture extracted viral RNA (Muir et a/.,1993) and the use of 
antibody-coated magnetic beads for the capture of virus particles (Monceyron 
and Grinde, 1994). 
The efficacy of the virion capture RT-PCR (VC-PCR) method for the 
detection of hepatitis A virus in shellfish samples was also evaluated in a 
separate study by Deng and associate (1994). Of 121 liquid waste and shellfish 
82 
samples seeded with HAV tested by both plaque assays (PA) in cell cultures 
and the VC-PCR, 67% were positive and 26% were negative as determined by 
both methods. Approximately 7% ofthese samples were positive by VC-PCR 
but negative by the PA while no samples were positive by PA but negative by 
VC-PCR (Deng, Day and Cliver, 1994). This study underscored the superior 
sensitivity ofthe VC-PCR assay over that of the conventional PA. 
Further enhancement of the detection of HAV in shellfish had been 
instituted in the study. This involved the identification of shellfish anatomical 
sites where viruses are concentrated and the excision of these organs for the 
extraction ofviral RNA. Romalde applied the in situ transcription reaction in 
different organs of oysters which had bioaccumulated hepatitis A virus. This 
method demonstrated the first in situ localization of the virus, specifically in 
• 
stomach and hepatopancreatic tissues (Romalde, et aL, 1994) of the oysters. 
Our modification has the advantage of eliminating a large proportion of the 
shellfish tissue mass. These tissues contains contaminating RNA and proteins 
which may interfere with the viral RNA extraction procedures and may reduce 
the sensitivity of the subsequent RT-PCR. This procedure had been largely 
successful since the majority ofHAV RNA identified in the samples collected 
were from the dissected digestive diverticula instead of the meaty part (Table 
3.2,3.3and3.4). 
Due to the high sensitivity of nucleic acid amplification method such 
as RT-PCR, a careful and critical evaluation of every step during the 
development phase and final application of the technique is essential. The 
problem of contamination leading to false positive results must be carefully 
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controlled. In the present study, to ensure no contamination occurred a reagent 
control that acted as negative control was run in parallel with the samples. The 
results were accepted only when the reagent control was negative. In addition, 
positive pressure pipettes with the use of fresh, sterile tips with a cotton filter 
were used so as to minimize the chance of contamination from samples to 
samples. Strict protocols for shellfish processing, RNA extraction, RT-PCR 
procedures and PCR product analysis were adhered to. These processes were 
performed in separate rooms in the laboratory and disposable laboratcny wares 
were used whenever possible. 
In the present study, HAV RNA was detected in 46% of oysters, 30% 
of mussels and 12% of clams during the winter season, and in 26.6% of 
• mussels and none of the clams in the summer season in Hong Kong. The 
J 
relatively high detection rate of HAV in locally available sheIIfish especially 
during the winter season may indirectly explain the observed epidemiology of 
HAV infection in Hong Kong. The source of shellfish was uncertain and may 
originate locally or imported from China. In Atlantic coast of France, the 
results showed that shellfish were highly contaminated:enterovirus and HAV 
RNAs were found in 63% and 67% respectively, of samples examined by 
hybridization assays with specific riboprobes. In the same study, viral (HAV 
and enterovirus) RNAs were found in a larger fraction of cockles than mussels. 
Statistical tests of dependence showed no relationship between viral 
contamination and bacterial contamination (LeGuyader, Apaire-Marchais and 
Billaudel, 1993). When viral RNAs (HAV or enterovirus) were detected in 
sediments, they were also detected in shellfish (LeGuyader, et aL, 1994). The 
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developed method using RT-PCR conjunction with virion capture method for 
the extraction of RNA is readily applicable for the surveillance of commonly 
available shellfish in Hong Kong. The dissection of the digestion system of 
shellfish proved to be an enhancement procedure for the detection ofHAV. 
However, there are limitations associated with the detection HAV or 
other viruses in contaminated shellfish of environmental samples using the 
PCR method. The detection of nucleic acid does not necessarily prove 
infectivity. In view of the difficulties associated with culturing wild type 
HAV, absolute amount of infectious virus cannot be determined. It is also not 
possible to determine whether the sensitivity of the current method is enough 
to detect the minimum amount of HAV capable of causing disease in human 
, consuming these contaminated shellfish. In cell culture, it has been shown that 
the ratio of noninfectious to infectious HAV particles can range from 3:1 
ORobertson et a/.,1988) or 58:1 (Jansen, Newbold and Lemon, 1988) to 1000:1 
(Zhou et aL, 1991). For HAV not adapted to grow in cell cultures, the ratio 
was 2 X 105 :1 (Jansen, Newbold and Lemon, 1988). Studies will need to 
determine the positive predictive value ofHAV identified by RT-PCR in food 
products with respect to its potential infectivity. Current results obtained 
provided circumstantial evidence that the contamination of local shellfish may 
be associated with the seasonal pattem of HAV disease in Hong Kong. 
Another limitation ofthe RT-PCR method for the detection of HAV in 
shellfish is the inability to quantitate HAV in such samples. The development 
of the current test is aimed at providing a qualitative answer and it is not 
possible to provide quantitative results without extensive modifications. 
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Quantitative PCR can be applied to environmental sample with the 
incorporation of internal standards. Co-amplification of the standard together 
with the target nucleic acid under identical conditions provide the bases for a 
quantitative PCR assay (Gilliland et aL, 1990). In addition, the incorporation 
of internal standards can be used for the detection of inhibitory substances in 
the reaction mixture thus controlling for false negative results. 
4.5. Control measures and indicators for shellfish contamination 
The protection of consumers who eat raw shellfish has been based on 
restricting the harvesting and marketing ofthis foodstuff. The concentration of 
the coliform group of bacteria in harvesting waters has been used to establish 
standards. In spite ofthese regulations and precautions, outbreaks ofHAV from 
contaminated shellfish continue to occur. HAV nucleic acid has been found in 
f 
oysters fix)m a p p r o v e d beds that possibly were involved in an outbreak 
ODesenclos et aL, 1991). The absence of fecal coliforms may not insure that 
shellfish are free ofpathogenic viruses. Contaminating bacteria may have been 
eliminated by the shellfish or may have lost infectivity, while viruses may be 
present and retain infectivity. Elimination of bacteria has not reflected the 
elimination of HAV (Enriquez et aL, 1992; Franco, et aL, 1990)，or other 
viruses (Power and Collins, 1989 ； 1990) in laboratory depuration 
experiments. Depuration, the transfer of shellfish into tanks to remove 
impurities, has been employed in some states before distribution. This method 
can be effective only if depuration time and conditions are adequate for the 
specific removal ofHAV. 
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Because concentration ofcoliform bacteria in harvesting waters cannot 
predict virus contamination reliably, better detection methods for viruses are 
needed to ensure the safety of shellfish. One possibility is that viruses such as 
“indicator viruses" (Richards, 1985) should be used for monitoring. Hepatitis 
A virus is of major public health concern and should be considered as one of 
the indicator viruses. The methods ofVC/PCR can be directly applied in other 
environmental samples as long as the limitations of the assay are recognized. 
PCR amplification of viral RNA coupled with newer, sensitive 
non-isotopic detection methods, could provide enhanced sensitive and rapid 
approach to screening food samples (Jaykus, DcLcon and Sobsey, 1993). 
Nested PCR was another method which can be used to enhance the test 
sensitivity and specificity. Severini and associates reported that the detection 
limit of nested PCR was close to a single viral nucleic acid molecule (Severini 
etal., 1993). 
This study shows continued promise for the development of 
standardized methods for the direct detection of human viral pathogens in 
different types of shellfish, for example, scallops and cockle. However, 
practical applications of such methods to detect non-cultivable human viral 
pathogens of public health concem will require additional improvements in 
test sensitivity and specificity. For RT-PCR, the first step which involved the 
conversion of RNA template to cDNA with reverse transcriptase for 
subsequent amplification appeared to be more important than the specific PCR 
procedures. With the use of genetically engineered RNase H. reverse 
transcriptase, cDNA yields had been improved in comparison to the use of 
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natural enzymes by essentially eliminating associated RNase H activity 
(Levin, et aL, 1994). This ensures adequate starting template for PCR. 
Increased levels of starting material (cDNA) permit fewer PCR cycles and 
minimize problems associated with higher number ofPCR cycles. 
Although VCfPCR requires the availability and unlimited supply of 
monoclonal antibodies which provide sufficient affinity to capture specific 
virus particles, it has the advantages of simplicity and rapid execution. 
Combination of nested PCR, VC/PCR will be a powerful tool for detecting 
small quantities of enteric viruses in environmental or food samples. Another 
PCR format namely multiplex PCR has been used for simultaneous detection 
of up to 2 virus pathogens in environmental samples. Tsai and associates 
reported application of triplex RT-PCR for the simultaneous detection of 
poiiovirus，HAV and rotavirus from environmental water to improve current 
monoplex RT-PCR. It provides a more rapid and efficient way to detect these 
three medically important viruses (Tsai et a/.,1994). 
Since this method utilizes virus-capture and removal of PCR inhibitor, 
it should be applicable to other human viruses pathogens, i.e. enteroviruses, 
caliciviruses, rotaviruses, enteric adenoviruses, astroviruses, and coronaviruses 
transmitted by sewage-polluted environmental samples include water and 
shellfish (Metcalf, Melnick and Estes, 1995). The direct detection of viruses in 
environmental samples showed good sensitivity and specificity when 
performed and analyzed with appropriate controls. The reproducibility and 
reliability of this method await to be confirmed by the introduction of this 
method in large scale public health surveys (Metcalf, Melnick and Estes, 
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1995). Probably the best available method to prevent HAV infection is public 
education concerning the risks of ingesting uncooked or partially cooked 
seafood. With the encouraging results obtain in the development and 
application of killed HAV vaccine (Lo et al, 1996), a concerted effort in 
environmental monitoring and active immunization of the population will 
ensure the control HAV infection. 
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Fig 11 HAV detect^nin oyster digestive diverticulum samples by 
S t e d PCR. Ethidium bromide stainmg and UV visuali^tion of 
S o ? d round PCR products run on a 15% agarose gel. = i = o n 
f r o m l e f t t o n g h t . L a n e l : p h D a，H，m m , k e r， j ; ^ A e : 
oyster samples 0-1 to 0-13. Right side : HAV nested PCR, Left 
side: beta-actinPCR 
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Fig 12 HAV detection in oyster digestive diverticulum samples by 
n2ted PCR. Ethidium bromide stammg and UV visualization of 
:Sond round PCR products run on a 15% agarose g e l ^ o n 
from left to nght. Lane 1 ： phiX174 Haenim^ker, L j 2 t o M^ oyster samples 0-14 to 0-26. Right side HAV nested PCR, Left side: beta-actin PCR 
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Fig 13 HAV detection in oyster digestive diverticulum samples by nested 
PCK Ethidium bromide staining and UV visualization of second round PCR 
products run on a 15% agarose gel. Migration from left to right. Lane l ： 
phiX174 Haem marker. Lane 2 to 14 : oyster samples 0-27 to 0-39. Right 
side : HAV nested PCR, Left side : beta-actin PCR 
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Fig i.4 HAV detection in oyster digestive diverticulum samples by nested 
PCR. Ethidium bromide staining and UV visualization of second round PCR 
products run on a 15% agarose gel. Migration from left to right. Lane 1 ： 
phiX174 Haem marker. Lane 2 to 12 : oyster samples CMO to O-50, Lane 13 
：negative control, and Lane 14 : HAV PCR reagent control. Right side : 
HAV nested PCR, Left side : beta-actin PCR 103 
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Fig 15 HAV detection in oyster meat samples by nested PCR. Ethidium 
二 二 明 and UV visualization of ― 二 卩 二 ： ： � n 
a 15% agarose gel. Migration from l e f t。。口二； ^ ^ ^ ^ ^ 
marker, Lane 2 to 14 : oyster samples 0-1 to 0-13. Kignt siae n/^ 
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. : ^ T 6 HAV detection in oyster meat samples by nested PCR. Ethidium 
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Fig L7 HAV detection in oyster meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run on a 
15% agarose gel. Migration from left to right. Lane 1: phiX174 Hae HI marker. 
Lane 2 to 14 : oyster samples 0-27 to 0-39. Right side : HAV nested PCR, Left 
side: beta-actin PCR 
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Fig. i.8 HAV detection in oyster meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run on a 
15% agarose gel. Migration from left to right. Lane 1: phiX174 Hae III marker. Lane 2 to 12 : oyster samples 0-40 to 0-50, Lane 13 : HAV positive control， 14 : negative control. Right side : HAV nest d PCR, Left side : beta-actin PCR
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Fig 1.9 HAV detection in mussel digestive diverticulum sample by 
nested PCR. Ethidium bromide staining and UV visualization of second 
round PCR products run on a 1.5% agarose gel. Migration from left to 
right Lanel : phiX174Haem marker. Lanes 2 to 14 : mussel sample M-1 
to M-13. Right side :HAV nested PCR, Left side : beta-actin PCR 
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Fig 1.10 HAV detection in mussel digestive diverticulum sample by 
nested PCR. Ethidium bromide staining and UV visualization of second 
round PCR products run on a 1.5% agarose gel. Migration from left to 
right. Lanel : phiX174Haein marker，Lanes 2 to 14 : mussel sample M-
14 to M-26. Right side :HAV nested PCR, Left side : beta-actin PCR 
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Fig.I.ll HAV detection in mussel digestive diverticulum sample by nested PCR. 
Ethidium bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lanel : phiX174Haein 
marker，Lanes 2 to 14 : mussel sample M-27 to M-39. Right side :HAV nested 
PCR, Left side : beta-actin PCR 
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Fig 1.12 HAV detection in mussel digestive diverticulum sample by nested PCR. 
Ethidium bromide staining and UV visualization of second round PCR products 
nm on a 1.5% agarose gel. Migration from left to right. Lanel : phiX174Haein 
marker，Lanes 2 to 14 : mussel sample M-41 to M-53, M-40. Right side :HAV 
nested PCR, Left side : beta-actin PCR 
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Fig 1.13 HAV detection in mussel digestive diverticulum sample by nested PCR. 
Ethidium bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lane 1 : phiX174Haem 
marker , Lanes 2 to 14 : mussel sample M-53 to M-65. Right side :HAV nested 
PCR, Left side : beta-actin PCR 
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Fig i.l4 HAV detection in mussel meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run on a 
15% agarose gel. Migration frim left to right. Lane 1 ： phiX174 HaelH marker, 
Lanes 2 to 14 : mussel samples M-1 to M-13. Right side : HAV nested PCR， 
Left side : beta-actin PCR 
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Fig 1.15 HAV detection in mussel meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run on a 
15% agarose gel. Migration frim left to right. Lane 1 : phiX174 HaeEI marker, 
Lanes 2 to 14 : mussel samples M-14 to M-16, M-18, M-17,and M-19 to M-26. 
Right side : HAV nested PCR，Left side : beta-actin PCR 
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Fig 1.16 HAV detection in mussel meat samples by nested PCR. Ethidium 
bromide staining and UY visualization of second round PCR products run 
on a 15% agarose gel. Migration frim left to right. Lane 1 : phiX174 HaeIII 
marker. Lanes 2 to 14 : mussel samples M-27 to M-39. Right side : HAV 
nested PCR，Left side : beta-actin PCR 
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Fig L17 HAV detection in mussel meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run 
on a 15% agarose gel. Migration frim left to right. Lane 1 : phiX174 HaeIII 
marker, Lanes 2 to 14 : mussel samples M-40 to M-52. Left side : HAV 
nested PCR，Right side : beta-actin PCR 
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Fig 1.18 HAV detection in mussel meat samples by nested PCR. Ethidium 
bromide staining and UV visualization of second round PCR products nm on 
a 15% agarose gel. Migration frim left to right. Lane 1 : phiX174 Haem 
marker. Lanes 2 to 14 : mussel samples M-53 to M-65. Right side : HAV 
nested PCR，Left side : beta-actin PCR 
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Fig i . l9 HAV detection in clams sample by nesteded PCR. Ethidium 
bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lanel : 
phiX174Haem marker，Lanes 2 to 14 : clams sample C-1 to C-13. 
Right side :HAV nested PCR, Left side : beta-actin PCR 
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Fig 1.20 HAV detection in clams sample by nesteded PCR. Ethidium 
bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lanel : 
phiX174Haem marker，Lanes 2 to 14 : clams sample C-14 to C-26. 
Right side :HAV nested PCR, Left side : beta-actin PCR 
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Fig 1.21 HAV detection in clams sample by nesteded PCR. Ethidium 
bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lanel : 
phiX174HaeEI marker，Lanes 2 to 14 : clams sample C-27 to C-39. 
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Fig 1.22 HAV detection in clams sample by nesteded PCR. Ethidium 
bromide staining and UV visualization of second round PCR products 
run on a 1.5% agarose gel. Migration from left to right. Lanel : 
phiX174Haem marker , Lanes 2 to 14 : clams sample C-40 to C-52. 








Fig i.23 HAV detection in clams sample by nesteded PCR. Ethidium 
bromide staining and UV visualization of second round PCR products run on 
a 1.5% agarose gel. Migration from left to right Lane 14 : phiX174HaeIII 
marker，Lanes 1 to 13 : clams sample C-53 to C-65. Left side :HAV nested 
PCR, Right side : beta-actin PCR. 
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Fig. n . l Dotblot ofHAV PCR products hybridized with 3¾>-
labelled probe 
A1 to F5 represent to mussel digestive diverticulum samples 
Ml to M65, F6 : position control, F7 : negative control, F8 : 
reagent control 
F9 to H12 : mussel meat samples Ml to M28 
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Fig. n.2 Dotblot ofHAV PCR products hybridized with 32p-lebelled probe 
Al to D1 : mussel meat samples M29 to M65, D2 : positive 
control, D3 : negative control, D4 : reagent control 
D5 to H12 : clams samples C1 to C56 
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Fig. n.3 Dotblot ofHAV PCR products hybridized with 32p-labelled probe 
Al to A9 : clam samples C57 to C65, AlO : positive control, Al 1 : 
negative control, A12 : reagent control 
B1 to F2 : oyster digestive diverticulum samples 01 to 050，F3 : 
positive control, F4 : negative control, F5 : reagent control 
F6 to H12: oyster meat samples 01 to 031 
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Fig. n.4 Dotblot ofHAV PCR products hybridized with ^^P-labelled probe 
A1 to B7 : oyster meat samples 032 to 050, B8 : positive 
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